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Abstract 
One human characteristic is that we use tools in our daily life. In the beginning they consisted of stones and 
sticks but today our tools have been developed into complex machines of different kinds, from consumer 
products such as mobile phones to technically complex systems such as nuclear power plants. The basic 
idea for all these products, machines and systems is that they are developed for improved comfort and to 
simplify our lives. However, this is not always the result, since sometimes there are problems when humans 
handle machines: what is known as mismatches are found in the interaction between human and machine. 
These mismatches not only decrease the utility of the machine, i.e. the human being’s ability to reap the 
benefits of the machine, there is also the possibility that the human and the environment may be negatively 
impacted and damaged through use errors during interaction. When designing user interfaces for machines, 
human abilities and limitations on interaction need to be taken into consideration. An important part of 
product development is to study and analyse presumptive mismatches in a given design to be able to 
counteract them during subsequent re-designs at different stages of the product development process. 
 
The purpose of this work has been to provide improved support for developers in handling and preventing 
mismatches in interaction early in the product development process. The goal of the work was to use 
existing methods to develop an improved Human Factors Engineering (HFE) methodology for predicting, 
identifying and presenting presumptive mismatches in the interaction between user and artefact. 
 
This thesis presents a methodology, Combined Cognitive and Physical Evaluation (CCPE), which with a 
proactive and analytical approach evaluates mismatches in the interaction between human and artefact. 
CCPE methodology is built on the Cognitive Walkthrough (CW) and Predictive Human Error Analysis 
(PHEA) methods. These methods have been further developed into four new methods: Enhanced Cognitive 
Walkthrough (ECW), Predictive Use Error Analysis (PUEA), Predictive Ergonomic Error Analysis 
(PUEA) and Generic Task Specification (GTS). Apart from changes that prevent identified weaknesses and 
deficiencies in the original methods, the most important aspect of CCPE methodology is that it deals with 
both cognitive and physical ergonomics together. The aim of CCPE is to predict presumptive mismatches 
in human machine interaction, such as physical and mental work load, use error, usability problems and 
ergonomic errors, by using a process that supports the evaluators’ cognitive processes. The purpose of the 
examination of both physical and cognitive usability problems and use errors in this interaction is to 
achieve a more holistic overall assessment. Furthermore, this results in a more cost-effective evaluation 
than would be the case if separate evaluation cognitive and physical ergonomic methods were used. CCPE 
also has a deep theoretical base in both these areas. 
 
CCPE is a task-based methodology that uses a structured and systematic question process to search for 
mismatches in every single step in the interaction, as well as on more overall system level. The 
methodology was developed during work in product development projects in industry and academia, where 
existing evaluation methods were judged as not providing sufficient information about interaction 
problems. The research was problem-driven and performed as action research. During and after the 
development, CCPE and its methods were used in a number of evaluations where the methodology 
predicted, identified and presented presumptive mismatches in a structured way. The strength of CCPE is 
that its development was iterative and grounded in reality as well as based on a solid theoretical foundation.  
 
The major strength of CCPE is the structured and systematic search for mismatches and the integration of 
cognitive and physical factors. The main weakness of CCPE is that it is more cumbersome and complicated 
to learn and use than the original methods as well as compared to other individual HFE methods. However, 
CCPE generates a more comprehensive result, which is presented in clear overviews, than is the case with 
other methods. CCPE also contributes to consensus and knowledge transfer in the evaluation group in a 
product development project. To conclude, this thesis has resulted in a methodology for predicting, 
identifying and presenting presumptive mismatches in the interaction between human and artefact. 
However, further work is needed to evaluate the reliability of the methodology and to develop computer 
aids to simplify its usage. 
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Sammanfattning 
Ett av våra kännetecken som människor är att vi använder oss av redskap i vårt dagliga liv. Från att det från 
början har varit stenar och pinnar har det idag utvecklats till mycket komplexa tekniska maskiner av olika 
slag, allt från konsumentprodukter som mobiltelefoner till komplexa system som kärnkraftverk. 
Gemensamt är att de är skapade med grundtanken att göra våra liv enklare och mer komfortabla. Dock är 
detta inte alltid fallet En orsak är att det uppstår brister i samspelet mellan människan och maskinen, så 
kallade missmatcher i interaktionen. Missmatcherna leder inte bara till att nyttan med maskinen inte 
kommer människan till godo, utan människan kan också skada sig själv och sin omgivning genom att göra 
fel under interaktionen med maskinen. Maskinernas användargränssnitt bör därför designas så att de 
beaktar människans förmågor och begränsningar vid handhavandet. En del viktig del i produktutvecklingen 
är att studera och analysera möjliga missmatcher i en given design för att sedan kunna motverka dessa 
under produktutvecklingsprocessen genom att ändra utformningen. 
 
Syftet med det arbete som presenteras här har varit att ge förbättrat stöd för utvecklarna att hantera och 
förebygga missmatcher i interaktionen tidigt under produktutvecklingsprocessen. Målet med arbetet har 
varit att, utifrån befintliga metoder, utveckla en förbättrad Human Factors Engineering (HFE) metod för att 
förutsäga, identifiera och presentera presumtiva missmatcher i samspelet mellan människa och maskin. 
 
Avhandlingen presenterar en metodik, Combinded Cognitive and Physical Evaluation (CCPE), som med ett 
proaktivt och analytiskt angreppssätt söker efter missmatch i interaktionen mellan människan och 
maskinen. CCPE-metodiken bygger på metoderna Cognitive Walkthrough (CW) och Predictive Human 
Error Analysis (PHEA) som har vidareutvecklats till fyra nya metoder: Enhanced Cognitive Walkthrough 
(ECW), Predictive Use Error Analysis (PUEA), Predictive Ergonomic Error Analysis (PEEA) och Generic 
Task Specification (GTS). Förutom förändringar som motverkar identifierade svagheter och brister i 
ursprungsmetoderna, är det speciella med CCPE metodiken att den behandlar både fysisk och kognitiv 
ergonomi tillsammans. CCPE söker efter potentiella missmatcher i människa-maskininteraktion, såsom hög 
fysisk och mental belastning, användningsfel, användarvänlighetsproblem och ergonomiska fel, genom en 
process som stöttar utvärderarnas kognitiva processer. Syftet med den gemensamma sökningen efter både 
fysiska och kognitiva problem och fel är att uppnå en mer holistisk helhetsbedömning, samt att göra 
utvärderingen mer kostnadseffektiv än när separata utvärderingsmetoder används för kognitiva respektive 
fysiska ergonomiska aspekter. CCPE har och också en gedigen koppling till teorin inom respektive område. 
 
CCPE är en uppgiftsbaserad metodik som strukturerat och systematiskt genom en frågeprocess söker efter 
missmatchar i varje enskilt delsteg i interaktionen, men också på en mer överliggande systemnivå. 
Utvecklingen av metodiken har skett under arbete med produktutvecklingsprojekt inom industri och 
akademi, där existerande utvärderingsmetoder inte har bedömts vara tillräckliga för att få bra svar om 
interaktionsproblem. Forskningens angreppssätt har därför varit problemdrivet och genomförts med 
aktionsforskning. CCPE metodiken och dess ingående metoder har efter utveckling använts i ett flertal 
utvärderingar, både i industri och akademi, där metodiken på ett strukturerat sätt upptäckt, identifierat och 
presenterat presumtiva missmatcher. En stor styrka är just att utvecklingen av CCPE skett på ett iterativt 
och verklighetsförankrat sätt. Vidare vilar metodutveckling på en solid teoretisk grund. 
 
Den största styrkan med CCPE metodiken är det systematiska och strukturerande sökandet efter 
missmatcher samt integrationen av kognitiva och fysiska faktorer. Den principiella svagheten med CCPE är 
att den är omständligare och mer komplicerad att lära och utföra än originalmetoderna och jämfört med 
enskilda andra HFE-metoder. Emellertid skapar CCPE ett mycket mer omfattande och enkelt överblickbart 
resultat än separata metoder. CCPE bidrar också till att skapa en grund för koncensus och 
kunskapsöverföring i utvärderingsgruppen i ett produktutvecklingsprojekt. Avhandlingsarbetet har alltså 
resulterat i en metodik för att upptäcka, identifiera och presentera presumtiva missmatcher i interaktionen 
mellan människa och maskin. Vidare arbete behöver göras för att utvärdera metodikens reliabilitet samt 
utveckla instruktioner och datorstöd för att förenkla användandet. 
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Preface 
My own intention with this work is not primarily to demonstrate my progress as a doctoral 
student and researcher. It is to ensure that we human beings can take better advantage of the 
benefits that technology offers, at the same time as we can avoid the disadvantages of the 
technology. We possess technology in order to make our lives easier, but unfortunately many 
people experience it as an obstacle, and in some cases the technology also constitutes a danger 
to life and health. 
 
A reflection that came to me early in my contact with the field of Human Factors Engineering 
was that there is vast knowledge about how technology should be designed for adaptation to 
humans. In spite of this, much of the technology developed today is inadequately adapted to 
people. What I saw was a need to bring the knowledge out to those who design technology in 
reality, i.e. engineers, and to provide them with tools and methods for creating more human-
centric technology. Knowledge that simply lies in a heap and is not used does no good. 
 
The task that I want to carry out with my work is to establish a link between the knowledge 
produced in research and the engineers who design technology – in other words, to create and 
improve the methods and tools which are needed for adapting technology more closely to 
humans. I have therefore worked half-time in industry for three and a half years as a usability 
engineer to gain personal experience of work with human factors in real development projects 
in the field of medical equipment, identifying the problems and possibilities that exist. The 
hope is that this experience has contributed to the refined methods in operation during actual 
development projects.  
 
Much of the work that I have done in the field of Human Factors Engineering has been in the 
form of practical usage of various methods in different projects. I have chosen to orient this 
thesis toward the more theoretical level as a complement. The thesis should be seen as a 
theoretical framework that weaves together the practically developed methodology. 
 
In my master thesis, my co-author and I wrote: “We believe that this thesis work is a step in 
the right direction, in the attempt to develop the Human Factors Engineering process.” I hope 
that my licentiate thesis also was a step in that direction and that this final part in the thesis 
trilogy is a further step in the same direction and that it can enhance the detection and 
identification of miss-match in the interaction between human and machine in a proactive 
manner. 
 
I have to say that I feel privileged to have had the possibility to conduct research on my own 
idea without the control of an assigner or financer. This thesis is built on what I started to 
develop during my master thesis work. It has been a challenge not to work in a traditional pre-
defined Ph.D. project, but it has been very instructive and inspiring to conduct my research 
that way.  
 
To conclude this preface I quote George Bernard Shaw, who wrote: “The reasonable man 
adapts himself to the world. The unreasonable one persists in trying to adapt the world to 
himself. All progress, therefore, depends upon the unreasonable man.” Hopefully I belong to 
the group of unreasonable humans and will thus have been able to advance progress toward a 
better world. Life is too short for us to walk in each other’s footsteps. 
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1 Setting up the stage 
The chapter begins with a fictional story about the problems that can occur when there is a 
mismatch between human and machine, and the effects this may cause. This is followed by a 
story about what can happen when one method from the methodology presented in this thesis 
is used. The story takes place in a fictitious company developing home-care ventilators.  
 
A few weeks back the company purchased new ergonomic chairs. Kent, who is the company 
ergonomist, is now walking around to see how the chairs work for the employees in the office. 
Kent comes to Johanna, who sits and works at her desk. Johanna has a somewhat strange 
sitting position, seen most clearly in the posture of her hips. 
 
Kent: Hi Johanna! How is the new chair? 
Johanna: Hi Kent, it's nice to sit in. I’ve adjusted it myself for maximum comfort. 
Kent: Well, your hips are positioned a bit strangely – you shouldn’t sit this way because it 
may produce harmful effects on your lower back in the long run. Better that you adjust the 
angle between the thighs and the back so you get a more correct posture. 
Johanna: Oh, I didn’t realise that. It just felt good to sit in this position so that’s the way I set 
it. But thanks for pointing this out to me. 
 
Kent: Now I see that you also have the seat in a somewhat strange position. 
Johanna: Yes, I was looking for the setting, but I couldn’t find it. 
Kent: Use this knob to adjust it. 
Johanna: Ah! There you go. Strange I didn’t see it before. I’ll adjust the seat immediately.  
 
Johanna: Hold on … how do I do? I thought I had to turn the knob but nothing happens. 
Kent: You need to push it. It’s a button you have to press, not a knob to rotate. Test again. 
Johanna: Now it works, but how was I expected to know that this is how it works? 
 
Kent: OK, why not adjust the lumbar support as well? 
Johanna: Lumbar support? What’s that? 
Kent: You pump up a small cushion in the backrest so it conforms to the shape of your spine. 
The handle is there. 
Johanna: Oh, what a lot of features there are! 
Kent: Here’s the manual. I'll show you. 
Johanna: Yes, this feels much better for my lower back. 
 
Kent: Um, I checked a bit here in the manual and you can adjust the armrests also like this, 
setting them at an angle. I had no idea. 
Johanna: Oh, I had no idea either. This chair has many secrets. 
 
Johanna: I just thought of another thing. It's really inconvenient to access this adjustment 
when you sit down, but you have to sit in the chair to know what level is good. 
Kent: No, it's not a good twist of your arm when you make that adjustment. Hope you do’nt 
have to do that often. 
 
Johanna: I'll just make a little adjustment to the seat back again. 
Johanna: Ouch! 
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Kent: What happened? 
Johanna: I pinched my finger when I changed the setting. But it doesn’t seem to have 
punctured my skin. 
Kent: Good that it wasn’t any worse. Dangerous stuff this with chair settings... 
 
Johanna: Yes, but also all these complex settings, there are so many settings and they depend 
on each other. They say that you should change your working position frequently, but it's very 
time-consuming to do. Especially when you have to sit in odd postures with the risk of 
pinching your fingers when making adjustments… 
 
Kent: But at least we've got a good working posture for you now. 
Johanna: Yes, much better than I could have managed myself. 
Kent: Hope everything is okay. I’ll come by this way in the afternoon to see how it works. 
Johanna: OK, see you! 
 
While Kent walks away from Johanna he thinks: "How can a chair that is said to be 
ergonomic be so difficult to understand...? Should I have to work in awkward postures or hurt 
myself to get an ergonomic work position? ... Or is this chair truly ergonomic? Even if the 
seating position is correct? Could it be that the chair has become so complex with all the 
features and settings that nobody knows how to handle it? And then no-one can get a good 
posture... "Kent summarizes his reasoning: "Good ergonomics must also include the journey 
and not just the goal... true ergonomics needs to apply to both body and mind... and above all, 
body and mind together." 
 
This story described a number of areas where a mismatch between human and machine can be 
expressed. In the section below the problems are presented in the order in which they appear. 
The list makes no claim to being comprehensive but is just one example of how the problems 
manifest themselves. 
 
• The user does not know how the machine should be set 
• The user cannot find the settings on the machine 
• The user cannot manage the settings 
• The user does not know which settings are available 
• The expert does not know which settings are available 
• Poor working posture during settings 
• The user is injured when handling the machine 
• Use of the machine is complex 
 
The above narrative has accordingly described how a mismatch can occur. But how to detect 
mismatches in advance so they could be counteracted? The next narrative describes how a 
session with the goal to detect mismatches can occur. The new context is the development of 
medical equipment produced by above the company. 
 
The door opened and four people entered the meeting room. They were the usability engineer, 
the system engineer, the product manager, and a person from quality/regulatory. The system 
engineer and product manager had previously worked in medical care, while the other two 
had different backgrounds. They all sat down at the round table and the usability engineer 
explained the occasion. 
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“Welcome to this session about risk analysis in the use of our new ventilator. Today’s 
assignment assumes that the patient in the home environment is to add water to the machine’s 
humidifier before the night’s treatment. Our goal at the meeting will be to investigate whether 
the user’s behaviour can create any risks and, if so, how we should handle them. By 
conducting this analysis so early in the machine’s development we have an opportunity both 
to set requirements and to change the physical design, not just to write warnings in the 
manual.” 
 
The other participants open their papers and look up the HTA tree which describes how the 
user should add water to the humidifier. Analysis of the HTA was done previously in order to 
determine how the development project views the method of using the machine. It took some 
time, but now there is agreement on what the “correct” method is. The usability engineer 
continues. 
 
“We begin the procedure at the function level, and I think it is appropriate that we begin with 
the question ‘What happens if the user performs functions/tasks correctly but at the wrong 
time?’ We have the industrial designer’s detailed sketches before us, and we have this simple 
physical model. As you know, the correct sequence is, in short, to remove the humidifier and 
carry it to the tap, open the lid and add water up to the mark, close the lid and carry the 
humidifier back, then attach it to the machine.” 
 
“I can imagine that someone might try to add water while the machine is running,” says the 
product manager quickly. 
 
“Is it actually a realistic scenario that someone would do that?” remarks the system 
engineer. “The machine would then blow freely and start an alarm for low pressure. Besides, 
I would like to see a patient who is wearing the mask while at the same time trying to add 
water...” 
 
“Well, as we all know, patients can do the most amazing things with their machines. I know 
what you’ve told us about what you’ve seen on your home visits,” says the quality/regulatory 
person and turns to the product manager. 
 
“Yes, that’s true,” says the product manager. “The users are very inventive... So I think it’s 
quite a plausible error that we must analyse.” 
 
“I’ve written it up,” says the usability engineer, who is taking minutes. “I interpret this as an 
error of type P2, ‘Incorrect plan executed’.” 
Nobody objects, so the usability engineer proceeds. 
 
“What would be the cause of someone doing this? Based on what the system engineer said 
earlier, I don’t think it’s something that one just happens to do, since it is rather difficult to do 
while wearing the mask. I think it’s because the user doesn’t know how to act, in other words 
a mistake.” 
 
“It probably can’t be classified as a rule-based error, since as far as I know there are no 
ventilators that one fills up during an operation,” says the product manager. “But the user 
might associate it with some other product in the home. A steam iron can be handled like 
that.” 
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“I note that the cause is mainly a lack of knowledge on the part of the user, so I’ll record it as 
a rule-based or knowledge-based mistake,” says the usability engineer. “Now let’s turn to the 
consequences. If I understand the design right, it means that when the humidifier disappears, 
the air passage is no longer complete and air leaks out, which makes the motor blow as much 
air as possible? Is that the case?” 
 
There are no objections, so the usability engineer goes on. “And will the effect on the patient 
be that no treatment is possible then?” 
 
“Well, not in reality,” replies the quality/regulatory person. “It is the patient who removes 
the humidifier, so the patient is not sleeping then. Therefore the level of consequence must be 
the lowest, since the user experiences only discomfort.” 
 
“The next item of investigation is error detection,” explains the usability engineer. “Will the 
user notice that he/she has made a mistake before any serious consequences occur?” 
 
“Without a doubt,” answers the system engineer. “The ventilator alarm begins immediately, 
so I find it hard to see that anyone would fail to understand that something is being done 
wrong. Any objections?” 
 
Silence prevails, so the usability engineer records a number 5 for error detection and says: 
“The next item of investigation concerns recovery from error. Is it just a matter of putting the 
humidifier back in place for everything to work again?” 
 
The system engineer nods, and the usability engineer notes this, saying: “Is there any 
protection in order to counteract the consequences?” 
 
“The alarm is there to deliver a warning when no treatment is given, so it should function as 
protection in this case.” 
 
“Duly recorded,” says the system engineer. “Does the present design include any measures 
to prevent it from being removed during operation?” 
 
“Nope,” says the system engineer. “We must discuss at the project meeting whether such a 
feature is needed. There is no major risk involved in this error. But it can always be written 
into the manual.” 
 
“Shall we write in the manual that one must not add water while the machine is running? 
This would be yet another warning,” thinks the quality/regulatory person.  
 
“It is enough to write in the instructions for the humidifier that the machine should be 
completely switched off when one adds water,” interjects the product manager. “There is also 
an electrical safety aspect to all this. I am noting that it should be a requirement for the 
manual writers.” 
 
“Then let’s continue with the analysis,” says the usability engineer. “Does anyone have any 
further errors connected with ‘What happens if the user performs functions/tasks correctly but 
at the wrong time?”  
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“A similar event that can happen, and which seems to me more probable than the preceding 
one, is that the patient adds water while the humidifier is still coupled to the machine,” says 
the system engineer. 
 
“With a water pitcher through the air outlet?” wonders the quality/regulatory person.  
 
“That’s a possibility I hadn’t thought of. Actually, what I imagined was someone putting the 
entire machine under the tap. We are, of course, supposed to design a machine that weighs 
very little.” 
 
The risk analysis of use continues like this and, once finished, it leads to the dismissal of 
many risks, but also to many important requirements and proposals for design changes. In the 
two fictional stories above, the first exemplified how a mismatch between the human and the 
artefact may appear and the second showed how it can be done in advance by trying to 
identify this mismatch using the methodology presented in this thesis. The following parts of 
the thesis will now describe in more detail the purpose of this dissertation, the theoretical 
framework of the methodology and detailed presentation of the methodology, known as 
CCPE - Combined Cognitive and Physical Evaluation. 
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2 Introduction 
The thesis describes the proposed methodology and method development. The development 
resulted in a new analytical methodology called Combined Cognitive and Physical Evaluation 
(CCPE). It encompasses four new methods: Generic Task Specification (GTS), Enhanced 
Cognitive Walkthrough (ECW), Predictive Use Error Analysis (PUEA) and Predictive 
Ergonomic Error Analysis (PEEA).  
 
The thesis also discusses the theoretical and methodological framework in which the methods 
operate. Development of the methods and methodology has been conducted primarily within 
the domain medical technology but has also been applied in several other domains, i.e. the 
application areas go from consumer products, particularly those sold as ergonomic products, 
to more advanced technical products. 
2.1 Background 
We humans are not perfect beings. We often have the best of intentions, but sometimes it just 
goes wrong. This has given rise to a well-known Latin proverb ”Errare humanum est” (To Err 
is Human). The proverb is ascribed to the Roman senator Cicero in the century before Christ. 
Hence, it is nothing new that humans err, but technical development has made the potential 
consequences of human error more extensive. In the era of Cicero it often needed to be an 
error made by a commander to harm or kill a large amount of people in a very short period of 
time. Today many more people are in a position to make catastrophic errors, such as air traffic 
pilots, nuclear power plant operators and so on. Many major accidents have been ascribed to 
the so-called human factor. In the same way as the technology increases the effect of our good 
sides as human beings, it also increases the effect of our bad sides. One of the bad sides is the 
ability to err. 
 
Today much effort is being invested in the creation of technical systems that are reliable and 
safe. If the human component of the systems is not taken into consideration, the systems 
cannot be completely safe. A lot of research has been conducted in this area and the results 
unambiguously show that if technology is adapted to human characteristics, abilities and 
limitations, the probability of human error decreases. This implies that many of the errors that 
humans make are due to the fact that technology is not adapted to humans and thus the 
humans are not, from the designers’ point of view, to be blamed. An error that occurs while 
using a device is nowadays called ‘use error’ instead of ‘human error’ or ‘user error.’ The 
reason for this is to point out that use error can be the result of a mismatch between the user, 
the device, the task or the environment. 
 
There are also many other factors than the actual design of the technology that affects whether 
a person is performing correct or incorrect actions. In addition to the individual characteristics 
of the human and the machine, the organization in which the human being works plays a 
major role. Much research has been conducted to understand these mechanisms, such as 
safety culture and resilience engineering. The latter tries to focus on the factors that make a 
system able to handle known and unknown events without the occurrence of incidents and 
accidents. Ultimately, however, it is always in the individual decisions and in individual 
actions that humans act correctly or incorrectly, which mean that it is of great interest to study 
and analyse human actions and use errors. 
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Areas that are in focus for use errors are those spheres of technology that cause spectacular 
accidents such as flight and nuclear disasters. However, there are other areas that every year 
also kill and harm many more people, and the main one is medical technology. Research has 
shown that bad design is the origin of many of the errors that occur during the use of medical 
devices. These use errors might result in a patient being harmed or even killed. 
 
Having said that, a use error does not need to directly kill or harm in order for it to be worth 
studying. In many work tasks humans use their bodies in poor ergonomic positions and suffer 
as a result. This has prompted the definition of the area of physical ergonomics, which is 
defined by IEA as: "Physical ergonomics is concerned with human anatomical, 
anthropometric, physiological and biomechanical characteristics as they relate to physical 
activity." If the human does not work in good postures musculoskeletal disorders (MSDs) can 
arise, which can affect the body's muscles, joints, tendons, ligaments and nerves. These poor 
body postures can also be regarded as a use error.  
 
Furthermore, you do not need to physically hurt a person to make use error relevant. If you 
accidentally select the wrong recipients for a SMS message that too can have consequences. 
Designing a good artefact is of interest to try to reduce use errors and help the human perform 
the task correct. 
 
But even if handled correctly there could be problems in the interaction between human and 
technical components. This interaction can be extensive and ineffective. One result may be 
that not all functions of the machine can be used and/or that the user may be negatively 
affected emotionally. The latter can affect the user’s ability to perform the work. Even these 
problems can be said to be a mismatch between human and machine. 
 
The main approach to counteract mismatch is to adapt the design of the machine to the 
human, the task and the environment. However, in order to know if the design is good and 
without mismatch, it needs to be evaluated. For the developers to be able to counteract 
mismatches. The mismatches need to be identified and the causes made visible; if you do not 
know the error, you cannot attend to it. A classic way of doing this is accident reporting and 
investigation. However, this approach has the disadvantage that it is reactive and that 
something must happen before the mismatch is detected, and in many products there is no 
mechanism for reporting of mismatches.  
 
Another way to detect errors is to perform testing with real devices or high-fidelity prototypes 
(usability testing) to discover possible mismatches. The problem with this approach is that it 
only discovers part of all possible mismatches, and an actual device is needed for the 
evaluation.  
 
To counteract mismatches a more proactive and analytical approach is needed in order to 
identify potential use errors, investigating and attending them before any real accident occurs. 
Today such methods exist in the field of human factors engineering but further development 
is needed to better adapt them to the development processes. There is also a need to combine 
evaluation of cognitive and physical ergonomics to undertake a comprehensive analysis of 
human-machine interaction. 
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2.2 Problem description 
The research problem addressed in this thesis is how the interaction between user and artefact 
can be better analysed in a systematic and structured way so as to be able to detect and 
identify mismatches in the interaction, i.e. usability problems, use errors and ergonomic 
errors. The central question has been how the methods can be improved in these areas. This 
thesis provides examples of a useful methodology for this. 
2.3 Purpose and goal 
The work presented in this thesis focuses on analytical investigation of mismatches in the 
interaction between user and artefact. The main idea for the work is that a holistic view is 
necessary in order to understand mismatches, particularly for physical and cognitive actions. 
 
The purpose of the work is to provide improved support for developers in handling and 
preventing these mismatches early in the product development process. 
 
The goal of the work was to develop an improved Human Factors Engineering methodology 
for predicting, identifying and presenting presumptive mismatches in the interaction between 
user and artefact, based on existing methods. 
 
 Prediction – investigating when, where and how presumptive mismatches exist 
 Identification – determining the type and properties of the predicted mismatches  
 Presentation – describing the identified mismatches in a manner that facilitates 
counteractive measures. 
2.4 Delimitations 
The methodology and method development described in this thesis evolved in evaluations 
performed in actual projects in industry and academic. The purpose of these specific projects 
has been to improve the design of various items of equipment, not to improve methods. This 
has entailed two main delimitations for the work.  
 
The first is that the choice of methods which have been refined is not based on any search for 
an optimal selection of methods, i.e. there has not been any mapping and evaluation of 
existing methods. Instead, the choice has been made on the basis of requirements concerning 
the methods used in actual product development projects and the selection of well-known 
methods which were regarded as suiting the evaluations in the respective projects.  
 
The second delimitation is that no empirical validation has been conducted in order to 
demonstrate that the resulting methods are better than the original methods. The full empirical 
validity of the methods will therefore not be treated in the thesis.  
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2.5 Reading guidelines and outline of thesis 
This thesis was written to give an overall picture of the background to the proposed 
methodology as well as a description of that methodology, which means that some parts may 
be perceived as repetition of what is described in the accompanying articles. Often, however, 
there are minor adjustments in the final presentation of the CCPE methodology presented in 
the thesis with regard to such parts as presented in the articles. Instead, to account for the 
differences, I have chosen to present the final methodology in its entirety in the thesis, which 
makes it easier for readers to obtain an accurate picture of the methodology and its parts. My 
choice for presenting the research results means that this thesis does not follow the usual 
structure of a thesis with appended articles. My structure is more like a technical report. The 
format of my thesis makes it easier for a reader who wants to apply the methodology in real 
world cases to absorb and use the information. 
 
The following are the chapters in the thesis: 
 
3 Description of procedure 
This chapter describes the general approach used in the methodology and method 
development, and how this development was carried out. The chapter presents the various 
parts of the method development and their interrelationships. 
 
4 Theoretical framework 
This chapter describes the theoretical framework supporting the development of the 
methodology. The chapter consists of four parts each with a different focus: Human, artefact 
and activity, Engineering and research areas, Mismatch in interaction and Interaction 
evaluation. All these parts end with a summary in the form of a requirement specification of 
what the theory means for the development of the methodology. Compilation of the 
requirements occurred in parallel with development of the methodology, even though the 
requirements are presented earlier in this case. 
 
5 Results 
In this chapter the developed methodology is presented. It is followed by a description of the 
development of the methods and the methodology. The chapter ends by showing how the 
methodology was used in different projects. 
 
6 Assessment 
The chapter consists of two parts. In the first part the developed methodology is assessed by 
verification, validation and reflection. This is followed by a review of the methodology’s 
relation to other methods and areas. 
 
7 Discussion 
The chapter begins with a discussion of the thesis work in relation to important factors 
relating to the development of new products and technological systems. Thereafter follows a 
discussion of the approach for method development and research. 
 
8 Conclusions 
The chapter describes the general conclusions and possible future work.  
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2.6 Abbreviations 
Listed below are abbreviations used in the thesis. 
 
AEA  Action Error Analysis  (method) 
ACTA Applied Cognitive Task Analysis (method) 
CCPE Combined Cognitive and Physical Evaluation  (methodology) 
CW Cognitive Walkthrough  (method) 
ECW Enhanced Cognitive Walkthrough  (method) 
EEMUA  Engineering Equipment and Materials Users Association (standardisation organ) 
EMG Electromyography (method) 
ETA Event Tree Analysis  (method) 
FDA US Food and Drug Administration (agency) 
FMEA Failure Mode and Effect Analysis  (method) 
FTA Fault Tree Analysis  (method) 
GEMS Generic Error Modelling System  (theory) 
GTS Generic Task Specification  (method) 
HAZOP Hazard And Operability Study  (method) 
HTA Hierarchical Task Analysis  (method) 
HE Heuristic Evaluation  (method) 
HEART Human Error Assessment and Reduction Technique (method) 
HEI Human Error Identification (methodology) 
HEP Human Error Probabilities (methodology) 
HFE Human Factors Engineering  (field of research) 
HFS Human Factors Science  (field of research) 
HFI Human Factors Integration  (field of research) 
HRA Human Reliability Assessment (field of research) 
ISO International Organization for Standardization  (standardisation organ) 
IEC International Electrotechnical Commission  (standardisation organ) 
JHEDI Justification of Human Error Data Information (method) 
LA Link Analysis (method) 
MSD Musculoskeletal disorders  (illness) 
Nasa-TLX Nasa - Task Load Index (method) 
NUREG US Nuclear Regulatory Commission Regulation (agency) 
PEEA Predictive Ergonomic Error Analysis  (method) 
PUEA Predictive Use Error Analysis  (method) 
PHEA Predictive Human Error Analysis  (method) 
PSF Performance Shaping Factors (theory) 
PUEA Predictive User Error Analysis  (method) 
RULA Rapid Upper Limb Assessment (method) 
REBA Rapid Entire Body Assessment (method) 
SHERPA Systematic Human Error Reduction Prediction Approach (method) 
SWAT Subjective Workload Assessment Technique method) 
THERP Technique for Human Error Reduction (method) 
UT Usability Test  (method) 
UTP User-Technical Process (method) 
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3 Description of procedure 
This chapter describes the general approach used in the methodology and method 
development, and how this development was carried out. The chapter presents the various 
parts of the method development and their interrelationships. 
3.1 Research approach 
The approach for the research in this thesis can be described at different abstraction levels, as 
problem-driven research with similarities with actions research and the hypothetico-deductive 
model.  
3.1.1 Problem-driven research 
All research builds upon previous work and the scientific progress spotlighted four 
components - theory, data, problems and methodology (Learner and Phillips, 1993). As the 
research described in this thesis has been based on problems experienced when using existing 
methods in real-world evaluations, these method-related problems have been the main driving 
force in my work. The approach in this thesis is therefore problem-driven research. The 
research has not been theory-driven, i.e. starting from an existing theory and then testing or 
extending until a result is reached. Neither has the research has been method-driven. Although 
methods were in focus in this research, the research actually focused on use of the methods 
and not with the methods themselves.  
 
Problem-driven research generally has two aims, firstly to solve the current problem, and 
secondly to use the lessons learned to deepen science (Learner and Phillips, 1993). For this 
thesis, it means that the initial focus was on solving the problems and then on contributing to 
knowledge-building with the help of the solution. Due to this, it has not been practical to use 
genomic research questions to guide this work. Instead, the purpose and aim have been the 
basis for driving the work forward. Similarly, the problems that have driven this research have 
shifted during the process; solving one problem has uncovered the next problem and thus 
further method improvements have been possible. 
  
Because of this approach, the research has been problem-driven, i.e. the research has not been 
based on theory to identify where potential improvements and solutions could be found. There 
has been no study of ‘state-of-the-art’ solutions in the course of this research; instead, 
problem identification has been done entirely with existing methods. Of course, theories of 
methods played a major role in research into growth, but not in a systematic way that would 
be the case if the research has been theory-driven. The theory that was used in this research is 
described in Chapter 4, and even if it comes before the methodology of Section 5.1, the 
emergence of the theoretical framework has gone hand in hand with the method development. 
This process is described below. 
3.1.2 Action research 
The general approach for method development which is described in this thesis has close 
similarities with Action Research (Reason and Bradbury, 2001). Action Research is based on 
a combination of action and research. The term ‘action’ indicates that something is performed 
or tested, while ‘research’ means that systematic work and a relationship with theory yield 
new knowledge (Rönnerman, 2004). The essential idea of action research is described by 
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Reason and Bradbury (2001, p 2) as follows: “So action research is about working towards 
practical outcomes, and also about creating new forms of understanding, since action without 
reflections and understanding, just as theory without action, is meaningless”. Action research 
is consequently a way of uniting theory with practice. 
 
Action research is a ‘bottom-up’ process where the persons who carry out the action are 
themselves agents of change (Rönnerman, 2004). The process is described by Dick (2003): 
“Action research is a flexible spiral process which allows action (change, improvement) and 
research (understanding, knowledge) to be achieved at the same time. The understanding 
allows more informed change and at the same time is informed by that change.” This spiral 
process is shown in Figure 3.1. The action researcher performs an action in order to reach a 
goal. Thereafter the result of the action is compared with the goal, and proposals for change 
are introduced so as to get closer to the goal in the next turn of the spiral. These steps are 
repeated and the result is examined critically, rolling the process further as it gradually 
converges on the goal.  
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Figure 3.1 The action research spiral (after Dick, 2003)  
3.1.3 Hypothetico-deductive 
From a more general science perspective, the research can be described as a hypothetical-
deductive method (Hansson, 2011, Sohlberg and Sohlberg, 2009). This is due to the fact that 
the proposed methodology is based on reasoning and does not follow from empirical studies. 
However, the developed methodology has also been tested empirically. According to Birkler 
(2008) the hypothetical-deductive method is composed of five stages: hypothesis, deduction, 
empirical consequence, induction and conclusion. First, hypotheses are presented and through 
deduction empirical implications of the hypothesis are derived. The consequence is then 
tested empirically and via induction, conclusions are drawn that confirm or negate the 
hypothesis, as shown in Figure 3.2. 
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Figure 3.2 Hypothetico-deductive method (after Birkler, 2008) 
 
When figure 3.2 is applied to the development of the methodology presented in this thesis, the 
process is similar to the hypothetical-deductive method as follows: 
 
 There is an opportunity to develop a better methodology (Hypothesis) 
 Using common sense and reasoning develop a better methodology (Deduction) 
 The methodology is used in projects (Empirical Impact) 
 Evaluation of the methodology based on empirical results (Induction) 
 Assessment of the methodology (Conclusion) 
 
Matching between the method development and the hypothetical-deductive method is not 
entirely consistent, but sufficiently similar to be useful as a framework and provide an 
important implication. The theory about the hypothetical-deductive method indicates that it is 
difficult to determine whether a hypothesis is true without the hypothesis becoming more or 
less likely based on the conclusion (Hansson, 2011). It is therefore impossible to completely 
prove that the hypothesis is correct, but the assessment of the methodology has to be based on 
whether the results of empirical use have made it more likely for the methodology to work 
better. The thesis then continues to describe in greater detail the implementation of the 
research process and the development of the methods and methodology. 
 
Hypothesis
Opinion, assumption, presumption etcDeduction
Logical implication
Via reason
Induction
Observations
Via experience
Empirical Consequence
Hypothesis' testability
Conclusion
Verifies or falsifies the hypothesis
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3.2 Research process 
The research presented in this thesis was conducted during application projects concerned 
with the evaluation and design of man-machine systems in various domains, primarily the 
medical equipment domain. In these projects, different HFE methods have been employed to 
evaluate and redesign the design of the devices. The objective of the projects was not 
methodology development, but where a need emerged for methods and method development, 
this has been undertaken as part of the project. The developed methods then evolved into a 
methodology. 
3.2.1 Development methods 
The research process mainly consists of method development, and a number of activities took 
place during the method development. The development of the methods can be described as a 
spiral process, Figure 3.3. The spiral process contains three steps: (1) Methods were used in 
projects. (2) During and after the methods’ application in development work, certain problems 
and deficiencies were found (reflection on the method development). (3) These deficiencies 
led to proposals for changes/improvements. The method development then began a new 
cyclical process where (1) the method was used but now in its altered form, (2) the modified 
method was subsequently evaluated, and (3) new proposals for additional changes were made. 
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Figure 3.3 The general process of method development that has been used in this thesis.  
Adapted from Dick (2003) 
 
During the cyclical process aims and prerequisites for the refined method were also 
established, requirements were noted and methods for further development chosen. The 
process took place both within and between the projects in the method development, i.e. the 
methods have been modified both before and during the projects. Thus, the development has 
primarily been a ‘bottom-up’ process, in which the deficiencies detected by the methods 
during use have served as a basis for the improvements. The main source of the deficiencies 
in the methods has been the results from other Human Factors Engineering methods – such as 
heuristic evaluation, usability tests, and interviews with and observations of users.  
 
The spiral processes shown have been governed partly by the established requirements on the 
methods, and partly by the deficiencies found in the methods. Often the requirements and the 
deficiencies emerge simultaneously.  
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Continuously throughout the method development, there has been a critical reflection on 
whether the spiral process leads towards the aim of the work – a method for predicting 
identifying and presenting presumed use errors and usability problems, primarily within 
medical equipment. Further, all activities in the method development have taken place during 
the previously described projects, and this will be more exhaustively described in chapter 10. 
 
This process was then repeated for each of the developed methods. The development of the 
method is more or less like the work in a human factors engineering process (Andersson et al., 
2011). 
3.2.2 Development methodology 
When the development process started, there was no plan to develop a methodology, nor any 
plan to develop more methods. The methods previously described have instead emerged from 
the needs of the various projects. The individual methods and the year of their first releases 
are listed below. 
 
 Enhanced Cognitive Walkthrough (ECW) 2002 
 Alarm - Enhanced Cognitive Walkthrough 2003 
 Predictive User Error Analysis (PUEA) 2003 
 Predictive Ergonomic Error Analysis (PEEA) 2004 
 Generic Task Specification (GTS) 2005 
 
It may seem strange that a methodology shows up by itself, but all the methods are based on 
the same systematic and structured approach (as presented in the next theory chapter). 
Although they have been produced as separate units, this approach has always been the basis, 
even if it has not been fully pronounced. The methods have thus built on each other but they 
are designed to take into account different aspects, and to work together. Finally, the methods 
have much in common and are so interwoven that the boundaries between them have started 
to blur. There is a methodical and systematic structure that can be tailored in many ways on 
the basis of what should be studied. Thus, a methodology has gradually emerged with the 
development of more methods as well as through further development of already developed 
methods.
3.2.3 Evaluation of methods and methodology 
In the development of the methods, their evaluation is a central part of the work and this is 
clearly shown in the spiral of action research (Figures 3.1 and 3.3). The methods have also 
been tested in many different projects and applications, as explained in Chapter 5.3. This has 
also been a form of evaluation of the methodology and methods.
 
There has also been a more formal effort to evaluate the methods and methodology and the 
results of the evaluation are presented in Chapter 6.2. The evaluation was performed as 
follows:  
 PEEA was tested against empirical studies in two cases (Appendix A and B) 
 The entire methodology was tested in three cases against empirical studies (Appendix 
C and D) 
 PUEA was tested against empirical studies in one case (Appendix E) 
 Evaluation of ECW and PUEA undertaken to interview users in industry and students 
(Paper V) 
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 Collection of ECW theoretical comparison to other versions of cognitive walkthrough 
(Mahatody et al., 2010) 
 External test and evaluation of ECW and PUEA with other evaluation methods 
(Tancredi et al., 2012) 
 Statements from two experienced users, and by the author, about the advantages and 
disadvantages of the methodology 
3.2.4 Presentation of methods and methodology 
During the course of development, the methods and methodology were also presented at 
several scientific conferences (Table 3.1). The aim has been to disseminate the methods and 
methodology to the scientific community and also to receive comments that can help improve 
the methods and methodology. 
 
Table 3.1 Presentation of the CCPE at scientific conferences 
Conference  Year Method Paper 
Nordic Ergonomic Society 2003 ECW Paper IX 
IFAC Symposium on Automated Systems Based on Human Skill 2003 ECW Paper X 
Nordic Ergonomic Society 2004 ECW Paper XI 
International Ergonomics Association 2006 ECW Paper I 
Nordic Ergonomic Society 2006 PEEA Paper VI 
Nordic Ergonomic Society 2007 Alarm-ECW Paper XII 
Applied Human Factors and Ergonomics 2008 GTS Paper VII 
Society for Risk Analysis - Europe Annual Meeting 2009 ECW, PUEA Paper XIII 
Applied Human Factors and Ergonomics 2010 CCPE Paper XIV 
NordDesign 2010 ECW, PUEA Paper XV 
Asia Pacific Conference on Sports Technology 2011 ECW, PUEA Paper XVI 
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4 Theoretical framework
This chapter describes the theoretical framework supporting the development of the 
methodology. The chapter consists of four parts each with a different focus: (4.1) Human, 
artefact and activity, (4.2) Engineering and research areas, (4.3) Mismatch in interaction and 
(4.4) Interaction evaluation. All these parts end with a summary in the form of a requirement 
specification of what the theory means for the development of the methodology. Compilation 
of the requirements occurred in parallel with development of the methodology, even though 
the requirements are presented earlier in this case. 
4.1 Human, artefact and activity 
The first part of the theoretical framework discusses the interaction between human and 
machine. The framework begins with systems theory, since it is the overall model for 
methodology development, and will then gradually proceed to explain how interaction 
between human and machine is described theoretically. 
4.1.1 System theory 
Systems theory is an umbrella term for the theories used to describe how parts together form a 
system with different characteristics than those of the individual parts alone (Skyttner, 2005, 
Flood and Carson, 1993). Systems theory supposes that it is impossible to understand a whole 
by breaking it down into smaller parts and then studying the smaller parts separately. You 
cannot for instance explain how a human being works by simply studying the cells. Systems 
theory thus focuses on arrangements and the relationship between the relevant parts that unite 
them into one whole. This approach originates from biology, but is now widely used within 
the natural sciences, engineering, psychology and social sciences. The systems theory 
approach allows it to be used to describe and understand the complexity of systems. 
 
In systems theory it is the system itself that is the central concept. A system consists of 
several communicating elements of an organized whole. This organized whole can be 
tangible, such as a machine, or abstract, such as rules. An element can equally be something 
physical, social, or abstract. The communication between elements may consist of the transfer 
of matter, information or energy / power. Each system has also a system boundary that defines 
what belongs to the system and what does not. The boundary can be physical such as for a 
machine or an animal, social as in a herd, or abstract as in a set of rules. A system itself may 
be part of a larger system and likewise, an element can be a system in itself and comprise 
other elements. The purpose of each system is to process energy, information or matter into a 
result to be used within the system, outside the system (the environment), or both. 
 
What defines a system? To be able to say that a system exists, the following characteristics 
usually need to exist for the system (Flood and Carson, 1993, Skyttner, 2005): 
 
 The whole is greater than the sum of the parts 
 The whole defines the nature of the parts 
 The parts cannot be understood by looking at the big picture 
 The parts are dynamically related and dependent 
 
A fundamental concept within systems theory is holism, i.e. that the whole is greater than the 
sum of its component parts. This means that a system as a whole behaves differently than the 
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elements of the system and that the elements individually cannot do what the system can. If 
this holism does not exist, there is no system. 
 
An element is considered to belong to a system if it is within the system boundaries, and the 
element has a relationship (communicates) with other elements inside the system boundary. 
What is important for systems theory is therefore to describe this specific flow of energy, 
matter and information within and across the system boundary, as well as to describe the 
various elements’ relationships and how they affect each other. 
4.1.2 Activity theory 
One systems theory which is suitable as a starting point for human and machine interaction is 
activity theory. Activity theory tries to explain how individuals interact with their 
environment and with artefacts. The basic idea for the use of activity theory is that we cannot 
study machines as individual subjects, instead we must study how they meditate use. 
 
There are many variations of activity theory since it first occurred in Russia in the early 
1900s, for example Engeström (1987). The theory described here is based on Karlsson’s 
(1996) description and use of activity theory. Activity theory has extensive theory formation 
and the section below describes a suitable sample. 
 
Five basic terms within the theory are activity, object, subject, mediator and context. An 
activity is defined as a human process directed towards an object. The object describes the 
goal, problem, motive, and so on that the activity intends to influence. The subject is the 
person performing the activity and the mediator is the tool (abstract or tangible) with which 
the activity is performed. The context is the situation and circumstance within which the 
activity occurs. To understand the activity the relationship between object, subject, mediator 
and context needs to be understood. The relationship is usually visualized by a triangle 
(Figure 4.1) 
 
Task
Human Machine
Environment
Object
Subject Mediator
Context
 
 
Figure 4.1 The relationship between the elements in the activity theory described by triangles 
 
When activity theory is applied to human-machine interaction the actual use becomes the 
activity. The human is the subject and the object is the task to be performed to achieve the 
goals. The machine is the mediator that the human uses to perform the task and the context is 
the environment in which the use occurs. Activity theory therefore shows that the relationship 
between human, machine, task and environment is the central subject to study. The theory 
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also shows that the machine is there because the human cannot perform the task without a 
mediator, i.e. the human cannot handle it on its own. 
4.1.3 Human-machine system 
Activity theory provides a good foundation but a more detailed system model is needed to 
describe the interaction between human and machine, i.e. a human-machine system. A 
human-machine system consists of humans and machines that interact in a specific 
environment to perform specified tasks to achieve the system goals. The goal for each human-
machine system is to always in some way transform information, energy / power and / or 
matter. To achieve this goal, human-machine systems often need to perform one or more tasks 
in the most optimal manner possible. 
 
The tasks are performed in interaction between the human and the machine, where the human 
and the machine are each individual systems, but together they create a larger system with 
other characteristics than the parts possess separately. The actual interplay between the human 
and the machine is described as interaction. 
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Figure 4.2 Model of a human-machine system from Chapanis (1965) 
 
The exchange of information occurs at the interface between the human and the machine, in 
which the human directs or controls the machine, which is called the user interface. 
Introducing the user interface in the human-machine system will produce a model (Figure 4.2) 
of a cyclical process in which information is exchanged between the human and the machine 
under the influence of the context (user environment). The machine displays the information 
that the human intercepts through perception. The information is then further processed and 
the human decides on and performs an action. The action affects the machine’s processes, 
which in turn changes the information available to the human and so on in the cyclical 
process. 
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4.1.4 The Interaction 
The direct interplay between the human and the machine is thus described as an interaction 
and progress according to the cyclical process described by the model for human-machine 
system. At the interface between man and machine, the user interface, the exchange of 
information, takes place. However, the description of the interaction needs to be developed 
and become more detailed to be more useful. A more detailed way to describe the interaction 
is with Norman's "Seven Stages of Action" (Norman, 2002). According to Norman, 
interaction can be divided into seven steps. 
 
1. Forming the goal 
2. An intention to act so as to achieve the goal 
3. The actual sequence of actions that we plan to undertake 
4. The physical execution of that action sequence 
5. Perceiving the state of the world 
6. Interpreting the perceptions according to our expectations 
7. Evaluation of the interpretations with what we expected to happen 
 
The cyclical process of the human-machine system clearly shows how the human and the 
machine work together to accomplish the task. The description of the interaction is at a 
detailed level where the whole is divided into individual decisions and actions. However, 
there are also human mental activities at other levels, from culture to operation. 
 
It is important to achieve good interplay between the human and the machine so that the 
system goals can be achieved and be useful. This means that the machine must be adequate 
and provide the right functionality. However, this can primarily be regarded as a relationship 
between the human and the machine. Some of the terms used to describe interaction are: 
 
 Affordance 
 Usefulness and usability 
 Accident, risk and safety 
Affordance 
To make an interaction even possible, the user must physically be able to interpret 
information and perform the action. This quality can be described by affordance. The basis of 
affordance was designed by Gibson (1979, p 127) who writes: “The affordances of the 
environment are what it offers the animal, what it provides or furnishes, either for good or ill. 
The verb to afford is found in the dictionary, but the noun affordance is not. I have made it up. 
I mean by it something that refers to both the environment and the animal in a way that no 
existing term does. It implies the complementarity of the animal and the environment…” 
 
Affordance is thereby a possible action relative to an individual, regardless of whether the 
individual is aware of the action or not. If affordance does not exist, there is no possibility for 
the individual to perform the action. For interaction, affordance shows that the machine needs 
to be designed according to the human being’s physical abilities. To be able to carry out the 
actions we have senses that allow us to take in information, cognition to process the 
information and finally the musculoskeletal system in order to act. What is needed is 
knowledge about human anthropometry and physiology as well as senses and perception. As a 
result of affordance the user also needs to be able to perform the action without being harmed.
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Usefulness and usability 
Since affordance concerns the user's knowledge about performing the action, the next step 
deals with whether the user understands the action and if the action is relevant. The terms 
usefulness and usability are employed for this. 
 
According to Grudin (1992), usefulness is a measure of how well a technical system can 
achieve a desired goal. Usefulness can then be divided into two aspects: utility and usability. 
Utility depends on whether the functionality of the technical system can perform what is 
required, while usability depends on how well the user can use that functionality. In the case 
of a drilling machine, utility refers to the drill’s capacity to make holes, whereas usability 
describes how well the user can handle the drill while it bores holes.  
 
In medical equipment for example, it is less complicated to employ Grudin’s (1992) 
distinction between usability and utility. Utility for medical equipment becomes the medical 
function of the equipment, such as how well a blood-pressure gauge measures blood pressure, 
or how well a scalpel cuts. Usability becomes how well the medical personnel can use the 
equipment’s medical functionality, such as whether a nurse can understand what the blood-
pressure gauge displays or whether the scalpel fits in a surgeon’s hand. Usefulness responds 
to the overall question of how well the medical personnel can treat patients with the medical 
equipment. Usability in medical equipment, therefore, does not concern the medical aspect.  
 
So, the term usability describes how well the human-machine interaction works. The way this 
term should be defined more precisely has, however, long been debated. A review and 
description of this debate is given by Liu (2004) among others.  
 
A refinement of the concept of usability was offered by Jakob Nielsen (1993). Nielsen follows 
Grudin’s (1992) distinction that functionality (utility) is not a part of usability. Moreover, 
Nielsen maintains that usability has multiple components and is associated with five usability 
attributes: 
 
 Learnability: The system should be easy to learn so that the user can rapidly start 
getting some work done with the system 
 Efficiency: The system should be efficient to use, so that once the user has learned the 
system, a high level of productivity is possible 
 Memorability: The system should be easy to remember, so that the casual user is able 
to return to the system after a period of not having used it, without having to learn 
everything all over again 
 Errors: The system should have a low user error rate, so that users make few errors 
during use of the system, and so that if they do make errors they can easily recover 
from them. Further, catastrophic errors must not occur 
 Satisfaction: The system should be pleasant to use, so that users are subjectively 
satisfied when using it; they like it 
 
Also occurring are definitions of usability not following the way Grundin distinguishes 
usability and utility. In the definition from ISO 9241-11:1998 (ISO, 1998), utility is included 
in usability. ISO defines usability as “The effectiveness, efficiency, and satisfaction with 
which specified users achieve specified goals in particular environments."  
The components are explained as follows: 
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 Effectiveness: The accuracy and completeness with which specified users can achieve 
specified goals in particular environments 
 Efficiency: The resources expended in relation to the accuracy and completeness of 
goals achieved 
 Satisfaction: The comfort and the acceptability of the work system to its users and 
other people affected by its use 
 
Here the artefact’s capacity to perform the intended task is included in the concept of 
usability. I.e. the total human-machine system’s performance is part of the system’s usability. 
Jordan, (1998) begins from the ISO definition of usability and makes a different division of 
usability into five components (Jordan, 1998). These components are designed more for 
numerical measurement in evaluations, whereas Nielsen’s attributes can be characterised as 
product properties.  
 
 Guessability: The effectiveness, efficiency and satisfaction with which specified users 
can complete specified tasks with a particular product for the first time 
 Learnability: The effectiveness, efficiency and satisfaction with which specified users 
can achieve a competent level of performance on specified tasks with a product, 
having already completed those tasks once previously. 
 Experienced user performance: The effectiveness, efficiency and satisfaction with 
which specified experienced users can achieve specified tasks with a particular 
product 
 System potential: The optimum level of effectiveness, efficiency and satisfaction with 
which it would be possible to complete specified tasks with a product 
 Re-usability: The effectiveness, efficiency and satisfaction with which specified users 
can complete specified tasks with a particular product after a comparatively long 
period away from these tasks 
 
However, all these definitions imply that usability is an emerging property of the artefact in 
relation to the user, the goal of the task, and the context (environment). The definitions of 
usability have in common that usability is a function of “human performance”. 
Accident, risk and safety 
Besides being able to understand and manage the machine, it is important that the user does 
not get harmed during interaction. The human is also influenced by the environment, both 
physically and socially, during the interaction. Accidents mean that people are harmed by the 
machine, the human can be exposed to violence, electricity or toxic substances. 
 
In order to handle the situations that may arise during the interaction, risk and safety form a 
good framework. When you hear words such as accident, hazard, risk and safety, they are 
often related to physical harm to humans or the environment. Having said that, the terms are 
also useful in events, which are not harmful in this way. An accident or undesired event is an 
unexpected event with undesired results, Table 4.1. The word “unexpected” however does not 
mean unpredictable, as many accidents or unwanted events can be foreseen. 
 
Table 4.1 Description of an accident or unwanted event from Hollnagel (2004) 
 Undesired result Desired result 
Unexpected event Accident or undesired event Luck 
Expected event Bad luck Effectiveness 
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An accident or unwanted event means that a hazard occurs. All work with risk and safety aims 
at avoiding harm to humans, animals, artefacts and the environment. Central to such work is 
the concept of hazard. Usually hazard is defined as a potential source of harm (ISO, 2000b, 
Dhillon, 2003, Kolluro and Brooks, 1996).  
 
A hazard can be something physical, like a toxic material, or something abstract, like a text 
message sent to the wrong person. The common denominator is that a hazard may lead to 
some sort of injury to someone or something and that a danger is more or less always present. 
As long as there is toxic material left, the hazard remains and in the same way there is always 
a hazard when someone writes a text message that it may be sent to the wrong person. 
 
A hazard gives rise to a risk through the harm it can create, leading to a hazardous situation. 
The risk itself depends on the characteristics of this harm. The factors usually taken into 
account are the probability that a hazard will lead to harm and the injury that may impact 
humans, animals, artefacts or the environment when these are exposed to the hazard. Risk is 
regarded as a combination of probability and consequence (ISO, 2000b, Dhillon, 2003, 
Kolluro and Brooks, 1996). Figure 4.3 shows a model of the relationships concerning the term 
“hazard”.  
Hazard
Hazardous
situation
Harm
Sequence of events
Sequence of events
Seriousness of
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Probability that
harm occurs RISK
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Figure 4.3 Hazard, harm and probability in the risk model from (ISO, 2000b) 
 
Consequently there are inherent dangers in the machine. Via a sequence of events, with a 
certain probability, the hazard is released and the perilous situation arises, e.g. the toxic 
material is released or the text message is sent to the wrong person. There is then also a 
probability that the perilous situation actually via a sequence of events leads to harm, for 
example, that a person is harmed by the toxic emission or the text message that was sent to the 
wrong person leads to something more than the recipient’s surprise. 
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The opposite of risk is safety and ISO 14971 (2000b) defines safety as "freedom from 
unacceptable risk". Safety is thus determined by the level of risk acceptable in the specific 
human-machine system and it must be determined to give the term “safety” a meaning. 
Regarding something as safe is thereby a very relative measure. 
 
Safety should be a self-evident aspect of the definition of usability. An artefact that harms 
people or the environment ought not to be regarded as having good usability. One way in 
which technology can harm people, but which has not been considered earlier in this thesis, is 
through stress injuries to the body, i.e. poor physical ergonomics. Products with poor physical 
ergonomics for the user should therefore not be able to qualify as having high usability, no 
matter how easy, effective and satisfying the products are to use – for these products will 
harm the user.  
4.1.5 Input to methodology development 
The goal when designing machines is that they should be able to perform their tasks and 
achieve their system goals, but also provide high usability, high safety and no harm on the 
human. These parts overlap and they can be divided according to the following points: 
 
 Adequacy - does the machine have the right functions to achieve the system goals? 
 Affordance – is the machine adapted to the human’s physical condition? 
 Effectiveness – will the human be able to perform the interaction with the machine? Is the 
machine physically and cognitively adapted to the human? 
 Efficiency – is the interaction done using appropriate resources as regarding time, steps in 
interaction, physical and mental workload?  
 User safety – does the machine harm the user in short term or long term use? 
 Usage safety – is the interaction undertaken without machines, the environment, the 
economy or other people than the user being put at risk?  
 Satisfaction – is the human satisfied, without discomfort, at an accurate level of stress, 
before, during and after the interaction? 
In order to analyse mismatch the methodology must be based on the correct way to study why 
this was not the case. The interaction is always done in a number of individual steps, so to 
examine mismatch every step needs to be examined individually. As shown in previous 
chapters, what affects the interaction is a variety of aspects, making a system perspective 
necessary. When analysis of the individual interactions takes place the big picture also needs 
to be taken into account. 
 
Adequacy cannot be seen as a direct aspect of the interaction between human and machine so 
it does not have to be taken into account by the methodology in the analysis. Mismatch 
between the machine and the task and mismatch between the human and the task is not 
analyzed. 
 
The human's subjective experiences such as satisfaction are interesting and relevant in itself, 
but more an effect of mismatch than what affects it. In the same way user safety 
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(physiological and psychological effects on users) is more of an effect of interaction than 
something affecting mismatch. Usage safety is also more of an effect than that it is directly 
involved in the mismatch. Efficiency is also beyond the direct individual interaction, but may 
contribute many negative effects in case it is poor. 
 
What remains then is affordance (physical) and effectiveness (cognitive) that are directly 
related to mismatch since they affect the individual steps in the interaction. If users cannot 
perform or understand the steps, it is a mismatch. Use and user safety are directly affected by 
mismatch as they are direct consequences. The way efficiency and satisfaction are affected is 
not equally direct, while adequacy is not affected. 
 
Methodology requirements: 
 Start from a system perspective 
 Study the details of the interaction, i.e. examine each individual step 
 Pay attention to both cognitive and physical aspects 
 Relate to risks during the interaction 
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4.2 Engineering and research areas 
There are a number of areas in engineering related to the creation of machines and good 
interaction in which the developed method will work. This thesis describes these areas and 
how they are relevant to the method development. The areas are: 
 
 Product development 
 Risk management 
 Ergonomics and human factors 
o Physical ergonomics 
o Cognitive ergonomics 
o Human factors engineering 
o User-centred design 
4.2.1 Product development 
The overall framework for the methodology development is product development since this is 
where the function and design of the artefacts is decided. According to the National 
Encyclopedia (2012) product development is: "The process that precedes the development of 
a new product in a company or organization. The process ranges from brainstorming, 
product design, consideration of environmental tolerance technology and benchmarking to 
construction, manufacture and marketing." Product development thus spans from the abstract 
problem to the tangible solution. 
 
Identify Needs
Develop engineering
specifications
Develop concepts
Develop Product
Concept devlopment
System-Level Design
Detail Design
Testing and Refinement
Production Ramp-Up
Prestudy
Product Specification
Layout Design
Detailed Design
Prototype Testing
Adaption for Production
Johannesson et al,
2004 Ullman, 1997
Ulrich and Eppinger,
1995
Concept Generation and
Evaluation/Selection of
Concept
Function and Task Design
Overall Design
Detailed Design
Structural Design
Needfinding
Bligård, 2011
Figure 4.4 Four different ways to divide the product development process 
 
Product development takes place during a product development process which consists of 
different phases. Figure 4.4 illustrates four ways of dividing the process according to 
Johannesson (Johannesson et al., 2004, Ullman, 2002, Ulrich and Eppinger, 2004, Bligård, 
2011). 
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The overall objective of the method development described in this thesis is to increase the 
quality of the interaction between human and machine. It is both easier and less costly to 
change and improve the equipment with regard to usability and safe handling during the 
development process, than to modify the developed device when it is in the field. Usability 
and safe handling must therefore be attended to during the development process. 
 
It is obviously during product development that the machine in the human-machine system is 
constructed, which makes it the natural outer boundary of this thesis. Given that the human 
and the environment are constant it is the design of the machine that determines the quality of 
the interaction. What is needed during the product development process is thus methodology 
to counteract the occurrence of mismatch between human and machine. This methodology 
should be able to function through several product development phases. 
4.2.2 Risk management 
The next large framework related to the thesis is risk management, since a mismatch may 
have consequences. The overall work in reducing and controlling risks that is carried out with 
various systems has been termed Risk Management. The systems in question may be purely 
technical ones, man-machine systems, or purely human systems, both concrete and abstract. 
ISO (2000, p 7) defines Risk Management as a “systematic application of management 
policies, analyzing, evaluating and controlling risk”, while Dhillon (2003, p 96)) defines it as 
“the total process of risk control and risk assessment”. Figure 4.5 illustrates a Generic Risk 
Management process. 
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Yes
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Risk Analysis
 
 
Figure 4.5 Generic Risk Management process with Risk Analysis.  
Adapted from (Stricoff, 1996) and (ISO, 2000) 
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A Generic Risk Management process consists of four main activities: identification of 
hazards, estimation of risk, mitigation of risk, and monitoring of risk (Figure 4.5). The first 
step is to identify the hazards in the system, which gives rise to risks. Next, a judgment is 
made of the risk that the hazard causes. If the risk is unacceptable, measures are taken to 
reduce the identified risk. The remaining risk in the system is then monitored, if necessary a 
new judgment is made of the risk and further measures are taken. In order to ensure safety in 
systems with both humans and machines the main issue is to not only try to reduce the cause 
of human error, but also explore the boundaries of safe performance (Rasmussen and 
Svedung, 2000). 
 
A central part of risk management is risk analysis, which is usually defined as the effort to 
identify and evaluate risks in a system - "Systematic use of available information to identify 
hazards and evaluate risks" (ISO, 2000). The essence of risk analysis is therefore to identify 
those perilous situations/incidents, analyze their cause and examine what consequences may 
arise and the probability of the event occurring. This information is then used to make a risk 
assessment to determine if any risk-prevention actions are needed or not. The two steps in 
figure 4.5, which make up the risk analysis, are hazard identification and risk assessment. 
 
Risk analysis is a natural activity in each part of the development process, but the extent is 
highly dependent on which machine the process is intended to produce. Risk management 
with risk analysis is an activity that should be conducted continuously during a machine's life, 
but the parts that will be discussed concern hazardous work performed during development of 
the machine. The goal of risk management during the development process is to reduce risks 
to acceptable levels. What is an acceptable level varies with each type of machine and the 
level must be determined by project management. To reduce the risk and increase safety, 
various interventions can be carried out. 
4.2.3 Ergonomics and human factors 
Even though Product Development and Risk Management are central frameworks for the 
methodology, the main framework is ergonomics and human factors, as it is specifically the 
interaction between human and machine that is the central aspect to consider. The 
International Ergonomic Society (IEA, 2006) defines it more precisely as “the scientific 
discipline concerned with the understanding of interactions among humans and other 
elements of a system, and the profession that applies theory, principles, data and methods to 
design in order to optimize human well-being and overall system performance.”  
 
As previously described, the methodology is supposed to counteract the problems that 
mismatch causes and thereby increase human well-being and overall system performance, 
which corresponds well with the definition of ergonomics and human factors. 
 
Within the field of ergonomics and human factors there are many subgroups and one way to 
distribute these is described in Figure 4.6. The description assumes that the area can span two 
axes. The horizontal axis shows the focus from the body through the mental process to the 
group. Ergonomics is usually divided into physical, cognitive and organizational ergonomics. 
Physical ergonomics deals with human anatomical, anthropometric, physiological and 
biomechanical properties in relation to the tasks performed and the human's physical response 
to physical environmental factors. Cognitive ergonomics concerns human mental processes 
such as perception, memory, reasoning, and motor response in relation to the tasks performed 
and the human cognitive response to physical environmental factors. Organizational 
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ergonomics deals with the optimization of socio-technical systems, including their 
organizational structures, guidelines and processes. 
 
 
 
Figure 4.6 Subgroups within ergonomics and human factors 
 
Vertically the focus ranges from understanding the human via the design of the machine to 
introducing knowledge (to the producer). HF is usually divided into Human Factors Science, 
Engineering and Integration (figure 4.6). Human Factors Science (HFS) focuses on the human 
and is the science that deals with understanding and describing human capacities (abilities, 
limitations, characteristics, behaviour, etc.) in relation to systems of different types (technical, 
human, etc.). Human Factors Engineering (HFE) is engineering science about how to design 
and construct machines that are adapted to the human abilities and that are both efficient and 
productive. Human Factors Integration (HFI) is about how knowledge of Human Factors 
Science & Engineering will be used and applied in a real context by the producers of 
machines, organizations, systems, etc. 
 
The description of ergonomics/HF as a subject results in an overlap between the two fields 
ergonomics and human factors. HFE, HFS and HFI range from the physical through the 
mental, to the organizational aspect. Ergonomics on the other hand deals with understanding, 
developing solutions and establishing knowledge. HFE uses knowledge both from the fields 
of ergonomics and from HFS in the process of designing the machines. The three main sub-
groups that are relevant to the thesis are Physical Ergonomics, Cognitive Ergonomics and 
Human Factors Engineering. 
 
Knowledge and methods from ergonomics and human factors need to be integrated into the 
product development process along with other types of knowledge necessary (Bligård, 2011) 
and must be one of the factors that control the development of the machine. The level of 
ergonomics needs to be considered against the background of fundamental factors such as 
choice of material and manufacturing methods, but also more machine-specific factors such as 
functionality and performance. 
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Physical and cognitive ergonomics 
To be able to design and evaluate human-machine interaction, knowledge about the human is 
needed. A typical division of that knowledge is between the physical and the mental, which is 
also reflected within ergonomics. IEA (2006) has defined physical ergonomics and cognitive 
ergonomics according as follows: 
 
"Physical ergonomics is concerned with human anatomical, anthropometric, physiological 
and biomechanical characteristics as they relate to physical activity. The relevant topics 
include working postures, materials handling, repetitive movements, work-related 
musculoskeletal disorders, workplace layout, safety and health." 
 
"Cognitive ergonomics is concerned with mental processes, such as perception, memory, 
reasoning, and motor response, as they affect interactions among humans and other elements 
of a system. The relevant topics include mental workload, decision-making, skilled 
performance, human-computer interaction, human reliability, work stress and training as 
these may relate to human-system design."  
 
As the methodology will study interaction, both physically and mentally (to prevent 
mismatch), it will require knowledge about human physiology, biomechanics, and human 
mental processes. 
Human factors engineering  
In addition to knowledge about the human, knowledge about how to design the machine in 
adaption to the human is needed. This is known as Human Factors Engineering. One familiar 
definition is that of Chapanis (1985): Human Factors Engineering is “The application of 
knowledge about human behaviour, abilities, limitations and other characteristics to the 
design of tools, machines, equipment, devices, systems, tasks, jobs, and environments to 
achieve productive, safe, comfortable, and effective human use.”  
 
To enable increased usability and safe handling of equipment as early as the development 
process, applicable methods are needed that support human factors engineering. In order to 
increase safety, use errors and usability problems must be investigated and methods for 
studying and reducing them are thus central. Once mismatches are charted, measures can be 
taken to counteract these, for example through redesign. 
 
The methodology therefore needs to function within the field of HFE and together with the 
methods already established there. Furthermore, the intended users are engineers since 
developing and constructing machinery is an engineering job. 
User-centered design 
To achieve the goal of human factors engineering, an approach known as user-centered design 
can be applied. User-centered design is an approach in the design process which bases its 
information on intended users. User-centered design focuses on the users through planning, 
design and development of a product. According to ISO 1340 (1999) user-centered design 
contains the following key principles and activities: 
 The design is based on an explicit understanding of users, tasks and environments 
 Users are involved throughout design and development 
 The design is driven and refined by user-centered evaluation 
 The process is iterative 
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 The design addresses the whole user experience 
 The design team includes multidisciplinary skills and perspectives 
To apply human engineering and user-centered design a process is often used to control the 
work. Two models for the process are ISO 13407 Human-centered Design Process (1999) 
(Figure 4.7) and IEC 60601-1-6 Usability Engineering Process (2004a) (Figure 4.8). 
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Figure 4.7 ISO 13407 Human-centred design activities (1999) 
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Figure 4.8 IEC 60601-1-6 Usability Engineering Process (2004) 
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The ISO model is developed primarily for software and IT systems while the IEC model is 
developed for work involving medical equipment. In all steps, and for each development 
project, a unique assessment is made of which ergonomic activities must be performed and 
what level of ambition they are to have. IEC also emphasises that the same ergonomic 
methods can be used in many different parts of the process. Further, IEC points out that the 
work is seldom a serial process, even though it is described as a circle of steps. Often many of 
the activities in the process occur in parallel, and interaction between the steps takes place 
frequently, rapidly and often seamlessly. The iterative nature of the process is central for 
attaining successful results.  
 
When applying Ergonomics and Human Factors in product development, it is necessary to 
make use of descriptions and knowledge of human characteristics, abilities and limitations, as 
well as a large number of methods for supporting and simplifying the work of analysis and 
synthesis.  
 
The methodology during the development phase therefore needs to be able to be used within a 
user-centred approach by supporting the fundamental principles and working as a method in 
the process. 
4.2.4 Input to methodology development 
The areas above are vast in their own right and are usually treated separately, although they 
have a lot in common. The areas are directly related to the interaction between the human and 
the machine. The developed methodology therefore needs to relate to these areas. The 
methodology must function in a product development process. As mismatches in the 
interaction may have effects that cause serious consequences, the methodology also needs to 
work with the area of risk management. 
 
The area that the methodology mostly operates within is HF / ergonomics as it concerns the 
human's relationship to the machine. Since the areas’ physical ergonomics and cognitive 
ergonomics exist it is possible to develop methods for people in these areas in order to get 
more efficient methods than would be the case if knowledge were lacking. The people who 
develop machines during a product development process are primarily engineers, which mean 
that the method has to work for engineers, but engineers with expertise in HFE. 
 
The methodology needs to: 
 Be usable during the product development process 
 Function together with risk management 
 Be based on knowledge about physical ergonomics 
 Be based on knowledge about cognitive ergonomics 
 Function together with human factors engineering 
 Function together with principles and processes for user-centred design 
 Address users who are engineers with knowledge of Human Factors Engineering 
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4.3 Mismatch in interaction 
The goal of the methodology is to detect mismatch in interaction. The theoretical framework 
thus describes this theory which is linked to the mismatch. The chapter begins by describing 
the mismatch in general and then continues with more detail about different types of 
mismatch and concludes by finally describing the main ways of relating to mismatch. 
4.3.1 Lacking interaction and mismatch 
In order to achieve optimal system performance and human wellbeing it is important that the 
human-machine interaction functions well. Lack of interaction can manifest itself in many 
ways and these can be divided into five groups: 
 
 The user cannot exploit all the advantages of the technology and so does not reap the 
full benefit of the machine’s usefulness 
 The user spends too much time interacting with the machine, which leads to less time 
for other tasks
 The user gets stressed and uncertain, which reduces his/her ability to solve other tasks. 
 The user manages the machine incorrectly, which can harm people, materials and the 
environment 
 The user manages the machine properly, but gets harmed anyway 
 
For errors that have consequences, there are two interesting cases to spotlight; if the user is 
performing correctly or incorrectly in relation to the design: 
 
 Designed so that even if the human performs correctly, it can lead to long-term or 
short-term damage 
 Designed so that the human has a difficult time performing correctly and/or it is easy 
to perform incorrectly 
 
In the first case, therefore, the human cannot use the machine in a proper way no matter how 
hard he/she tries. In the latter case, the machine can be used in a good way but there are other 
factors relating to the machine, the human or the environment that cause errors. The reason 
for the inadequate interaction is that there is a mismatch in human-machine systems, i.e. that 
the human, machine, environment and the task do not function together in a good way. The 
interaction between human and machine is not always smooth and there may be a long 
distance between human and machine in the system's cyclic interaction. Two reasons for this 
can be described by two abysses (difficulties), the execution abyss and the evaluation abyss 
(Norman, 2002). The execution abyss is the difficulty for a user to translate a mental goal into 
a physical act. The user knows what he/she wants to do, but not how to do it. 
 
 What can I do and what happens if I do something? 
 What are the possible actions that can be performed in the user interface? 
 Will my actions lead me closer to the goal? 
 
The evaluation abyss is the difficulty for a user to evaluate if the response of the machine 
corresponds to the desired goal. The user sees, hears or feels something, but does not know 
what. This stops the human from performing the action with the machine. 
 
 Is what is shown in the user interface understandable? 
 Does the user interface give a good picture of the machine status? 
 Is the information displayed in the user interface in accordance with reality? 
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Similarly, there are abysses regarding the physical, such as machines that are too big or too 
small to suit the individual user or that require too much force and precision. There is in other 
words no affordance in that case. The very word “mismatch” that is used to describe the gap 
between the parts of the human-machine system is taken from the book Bodyspace by 
Pheasant and Haslegrave (2006). 
4.3.2 Sharp end and blunt end 
It is consequently possible to see mismatch from two viewpoints. Firstly what arises in the use 
situation and has negative effects, and secondly characteristics of the machine that affect the 
process. The first we will call errors while the latter we will call problems. 
 
A further description of the relationship between problems and use can be made by 
connecting these with the terms ‘sharp end’ and ‘blunt end’, which have been employed in 
regard to complex systems (Woods and Cook, 1999). The sharp end of a system is the part 
that directly interacts with the hazardous process, while the blunt end is the part that controls 
and regulates the system without direct interaction with the hazardous process. In the medical 
care system, nurses, physicians, technicians and pharmacists are located at the sharp end, 
whereas administrators, economic policy makers, and technology suppliers are at the blunt 
end (Woods and Cook, 1999). An error is thus something which arises at the sharp end in the 
medical care system, and problems originate at the blunt end – more precisely in the 
developers of medical equipment. 
 
Human-machine system
Blunt end
Usability
problems
Latent condition
Developer
Sharp end
Use errors
Active action
User
 
 
Figure 4.9 The model for sharp and blunt end, adapted from Woods and Cook (1999) 
 
Between the blunt end, being the manufacturer, and the sharp end, being the user, there are 
many stages, stages that affect the user's actions. Here the organization that the user belongs 
to is of greatest importance for the effect that mismatch will have between human and 
machine. Research has shown that characteristics of organizations affect the ability of 
operators to perform correctly and are an important aspect, especially for providing safety. 
However, it is not enough to ensure safety, resilience, and so on in order to create efficiency 
and safety in the interaction, since it is in the actual interaction that it goes right or wrong. 
Many cognitive and physical features exist independently of culture and stress. Exploring the 
interactions at the lowest level is necessary but not enough. 
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4.3.3 Problems in the interaction 
Ergonomics aims to optimize overall system performance and human well-being. The things 
that create the mismatch described above can therefore be described as ergonomic problems 
or interaction problems. They occur in many different forms. Two of these are usability 
problems and physical ergonomics problems. 
Usability problems
The cause of mismatch between what the user does and what the user believes he/she is doing 
is called a usability problem. A usability problem is a factor or property in the human-
machine system that decreases the system’s usability. As shown earlier, usability is a many-
faceted concept which includes, for example, both learnability and satisfaction. Nielsen 
(1993) describes a usability problem as any aspect of the design that is expected, or observed, 
to cause user problems with respect to some relevant usability measure (e.g. learnability, 
performance, error rate, subjective satisfaction) and that can be attributed to the design of the 
device. 
 
The aspect of usability problems in focus in this thesis is what can give rise to mismatches in 
the human-machine system and thereby lead to use errors. Thus, a usability problem in a 
system can have the result that the user does not attain a goal, that the usage is ineffective 
and/or that the user becomes dissatisfied with the use.  
 
Usability is thus a very important factor for ensuring high safety. Good usability counteracts 
usability problems that can give rise to use errors, but it also implies direct counteracting of 
use errors. This thesis takes its starting point in the ISO 9241-11:1998 definition of usability 
(ISO, 1998), yet with a clear separation between usability and functionality. Furthermore, 
based on the notion of risk, it is considered that a low error rate is the most essential 
component of usability, according to Nielsen, for ensuring safety in medical equipment. In 
addition, poor usability is seen as a strongly contributing cause of use errors. 
Physical ergonomics problems 
A physical ergonomics problem is something in the design of the machine that may cause 
Musculoskeletal Disorders (MSD). MSD can affect the body's muscles, joints, tendons, 
ligaments and nerves. There are three different factors influencing the occurrence of MSD - 
physical, psychosocial and individual (Winkel and Mathiassen, 1994). MSD is most often not 
associated with the term ‘accident’ as MSD often occurs after exposure over a longer duration 
and not due to something unexpected happening. Examples of MSD are (Pheasant and 
Haslegrave, 2006): 
 
 Lifting and handling injuries 
 Work-related upper limb disorders 
 Musculoskeletal pain and dysfunction resulting from unsatisfactory working posture 
 
MSD arises due to a mismatch between task demands and physical capacity in which the 
person is exposed to a harmful strain overload (Pheasant and Haslegrave, 2006). It may occur 
after a single occurrence of strain overload or after long periods of commutative strain. 
 
What directly affects the occurrence of MSD during interaction is body position and physical 
strain. Body position is affected foremost by being able to see the control levers and handle 
actuators but also by moving all or parts of the machine or material. The physical load can be 
divided into three main dimensions: Level (amplitude), repetitiveness (frequency) and 
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duration (time) (Winkel and Mathiassen, 1994). These depend upon the task and machine 
design. 
 
The strain that a person is exposed to can be described by an exposure-effect model (Winkel 
and Mathiassen, 1994). External exposure is what the human is exposed to and this factor is 
independent of the single individual. Internal exposure is the effect that occurs within the 
human and is dependent on the individual. Active internal response is the part of internal 
exposure that affects the human body. Acute response is the direct effect of internal exposure, 
such as increased heart rate and fatigue, while chronic effects last for a longer period of time, 
such as MSDs. 
 
It could also be argued that there are cognitive ergonomic problems, which in terms of the 
machine are something that can cause psychological harm to the user, but the long-term 
mental effects of use are beyond the scope of the developed methodology.  
4.3.4 Error in interaction 
One effect of mismatch worthy of further analysis is the errors committed by the human 
during the interaction with machine, interaction errors. Errors are interesting partly because 
they can have direct negative effects and partly because they reduce efficiency, consume 
unnecessary resources and make the user hesitant, i.e. four of the five listed effects. This is 
also clearly shown in the different definitions of usability. An error made by the user affects, 
for instance, all factors in the ISO definition of usability: goal fulfilment deteriorates, 
effectiveness decreases, and the users are less satisfied. This is clarified by Nielsen (1993), for 
whom the difficulty of making mistakes is one of the five properties which should concern the 
design. For Jordan (1998), errors made by the user affect all usability components except 
System Potential – which shows that here too errors have significance for usability. 
 
For safety in particular, the difficulty in making incorrect actions is of high priority. It is the 
errors which expose patients to hazards. Users in such domains also believe that difficulty in 
making mistakes is important. Liljegren (2006) showed, for instance, in an investigation that 
“Difficult to make error” was the one of Nielsen’s usability attributes which a selection of 
clinicians judged to be most important usability attributes in medical equipment. The reasons 
why humans err are a huge subject in its own right, Human Error. 
Human error  
Yet human error does not only exist in interaction with machines; it is part of everyday life. 
Minor mistakes occur constantly, although these are normally discovered before any serious 
consequences occur. Our ability to make mistakes has also inspired a well-known Latin 
proverb: Errare humanum est (to err is human) as described in the introduction. Despite the 
common incidence of mistakes made by people, it has become apparent that human error has 
a complex nature.  
 
Much work has been devoted to defining and classifying human error. A classic definition is 
given by Reason (1990, p 9): human error is “a generic term to encompass all those 
occasions in which a planned sequence of mental or physical activities fails to achieve its 
intended outcome, and when these failures cannot be attributed to some chance agency.”  
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Reason (Reason, 1990) subdivides human error with the aid of the Generic Error Modelling 
System (GEMS) and according to this subdivision, an incorrect action is one of the following:  
 
 Slip 
 Lapse  
 Rule-based mistake 
 Knowledge mistake 
 Violation 
 
Further, Reason makes a distinction between active failure (active error) and latent condition 
(latent error) (Reason, 1990, Reason, 1997). Active failures are the direct errors committed by 
people in a system, while latent conditions are existing defects in the system such as poor 
design and deficient training which, when combined with local circumstances, can result in 
exposure to hazard. These defects may lie latent for a long time without any harm arising, 
hence the term. Latent conditions can also increase the probability of active failure by creating 
local factors that promote error. The human errors which have been considered thus far in this 
thesis are of the active failure type. Reason (1997) also acknowledges the role of 
organisational aspects in preventing the occurrence of errors, in the same manner as the sharp 
end – blunt end model above (Figure 4.9).  
 
Whereas Reason’s (1990) definition of human error focuses on people’s internal mental 
planning, Dhillon (2003) gives a definition of the concept that relates more to external 
guidelines. Human error, according to Dhillon (2003, p 110), is “…the failure to perform a 
given task (or the performance of a forbidden task) that can lead to disruption of scheduled 
operations or result in damages of property.” An attempt to summarise a number of previous 
definitions of human error is made by Whittingham (2004, p 6): “A human error is a failure 
of a purposeful action, either singly or as part of a planned sequence of actions, to achieve an 
intended outcome within set limits of tolerability pertaining to either the action or the 
outcome.” 
 
What all these three definitions of human error have in common, however, is that they focus 
on the human component in the human-machine system. The definitions can be interpreted as 
follows: if the human had not failed, there would not be any errors. Research, though, 
indicates that the design of the technology is a contributory cause of human mistakes 
(Leveson, 1995). Leveson also concludes that it is people’s ability which enables us to solve 
problems and make decisions based on incomplete data, sometimes leading us to commit 
mistakes. Without this ability, people would not be able to engage in problem-solving and 
decision-making. Since these traits are inherent and natural in mankind, all systems should be 
designed so as to be able to handle them. 
 
If a human error were committed while using technical equipment that functioned technically 
as intended, the mistake was previously termed a user error. This indicated, however, that it 
was the user who made a mistake. During the late 1990s, a broader view of errors made by 
humans emerged in the sphere of medical equipment, and the term ‘use error’ came to be 
employed instead (Hyman, 1995). The term use error is now employed also by the US Food 
and Drug Administration (FDA) as a concept in medical equipment (FDA, 2001). 
The reason why the FDA uses the term ‘use error’ is that errors which occur during use of 
medical equipment should not necessarily be attributed to mistakes by users. By speaking of 
use error, account is taken of the entire human-machine system and the focus is on the 
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circumstances that led the user to make a mistake, instead of blaming everything on the user’s 
behaviour. Use error is thus not the individual user’s mistake, but an error that arises within 
the system. A use error may be the result of a mismatch between the different parts of the 
system comprised by the user, equipment, task and environment (FDA, 1999). This shift of 
focus from the individual user to the system as a whole shows that the FDA has placed greater 
responsibility for user-related incidents on the manufacturers of equipment (Patterson and 
North, 2006). 
 
Standardisation organisation IEC (the International Electrotechnical Commission) has also 
promoted the term ‘use error’. Use error is defined according to IEC (2004a, p 17) as an “act 
or omission of an act that has a different result than intended by the manufacturer or expected 
by the operator” in the standard IEC 60601-1-6 Medical electrical equipment – Part 1-6: 
General requirements for safety – Collateral Standard: Usability. The IEC justifies the term’s 
introduction thus: “The term was chosen over the more commonly used terms of ‘user error’ 
or ‘human error’, because not all use errors are the result of oversight or carelessness on the 
part of the operator of the medical electrical equipment. All too frequently, use errors are the 
direct result of poor human interface design that seduces the operator into an incorrect 
decision” IEC (2004a, p 35). This agrees well with the FDA’s reason for using the term.  
Use Error 
Returning to use error and interaction error, the two previously mentioned abysses may cause 
the operator to take incorrect actions during interaction with the machine, as a result of which 
use error occurs. Another factor that is important in the case of use error is the relationship 
between what the user does and what the user thinks he/she is doing (Table 4.2). If the 
interaction is as intended the user is performing correctly, and she/he believes to be 
performing correctly. But if a use error occurs, the user can either detect it or not detect it. In 
the case where the user detects the error, she/he is able to correct it, but if the user does not 
detect an error, it leads to a discrepancy between what the human and the machine register as 
happening. This condition is most serious when the user has no control, and there might be 
dangerous situations during continued use. The opposite may also occur when the user is 
performing correctly but believes that he/she has done something incorrectly, which means 
that the use is counteracted as the user does not move forward (and may instead, in a worst 
case scenario, make errors in the search). 
 
Table 4.2 Relation between error and detection of error during use 
 User performs correctly 
User performs 
incorrectly 
User believes to be performing correctly Correct use Incorrect use 
User believes to be performing incorrectly Missed use Stopped use 
 
The crucial point in the preceding section was that use errors occur because of a mismatch 
between parts of the system user, equipment, task and environment (FDA, 1999). (Kaye and 
Crowley, 2000) describe more specifically six reasons why use-related hazards occur:  
 
 Devices are used in ways that were not anticipated 
 Devices are used in ways that were anticipated, but inadequately controlled 
 Device use requires physical, perceptual, or cognitive abilities that exceed those of the 
user 
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 Device use is inconsistent with the user’s expectations or intuition about device 
operation 
 The use environment affects device operation and this effect is not understood by the 
user 
 The user’s physical, perceptual, or cognitive capacities are exceeded when using the 
device in a particular environment 
 
These six causes are examples of the interplay between human and machine not functioning 
well. 
 
The relationship between usability problems and use errors is the same as that between active 
failure and latent conditions (Reason, 1990, Reason, 1997). A usability problem is a latent 
weakness in the system of human, machine, environment and tasks that triggers, under certain 
circumstances, a use error in the system. Having said that, a use error not always need be 
caused by a usability problem, just as not all usability problems need cause use errors.  
Ergonomic errors 
One type of error that may occur during the interaction is actions that can harm the user in the 
short or long term. These errors are covered only partially by use error as there may be times 
when neither the user nor the manufacturer knows that the action is harmful in the long term. 
An ergonomic error may thus arise even if the action is carried out as intended. Most 
ergonomic errors relate to physical ergonomics as it is uncommon to harm a person's 
cognition by single actions, even though the senses can be damaged by extreme light and 
sound. 
 
The relationship between physical (and cognitive) ergonomic problems and ergonomic errors 
is the same as that between usability problems and use errors. A physical ergonomic problem 
is a latent weakness in the system of human, machine, environment and tasks that, under 
certain conditions, triggers an ergonomic error in the system. However, an ergonomic error 
need not always be caused by a physical ergonomic problem, just as not all physical 
ergonomic problems need cause ergonomic errors.  
 
4.3.5 Counteract effects of mismatches 
The theoretical framework that has been presented so far has shown that problems and errors 
in interaction are important in the work to avoid mismatch. The framework has also shown 
that it is relevant to work with errors and problems and that they occur in a number of areas. 
 
What are the proper ways to operate in order to avoid problems and their effects? It is possible 
to differentiate between four approaches in relation to their effects. 
 
    1. Non-teaching 
    2. Reactive 
    3. Proactive 1 
    4. Proactive 2 
 
To exemplify these approaches, accidents, strain injuries and incorrect actions are used.  
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If the description is applied to accidents it will mean: 
 
    1. Non-teaching: Taking care of the damage caused by the accident 
    2. Reactive: Wait until an accident occurs and until interventions are carried out 
    3. Proactive 1: Analyze situations to prevent accidents before they occur 
    4. Proactive 2: Create no harmful situations 
 
If the description is applied to strain injuries it will mean: 
 
    1. Non-teaching: Treat injuries that have occurred. 
    2. Reactive: Wait until injuries occur before interventions are carried out 
    3. Proactive 1: Analyze work tasks to prevent injuries before they occur 
    4. Proactive 2: Create tasks and equipment so they do not cause strain injuries 
 
If the description is applied to incorrect actions it will mean: 
 
    1. Non-teaching: Taking care of the consequences of an incorrect action 
    2. Reactive: Wait until an incorrect action occurs before interventions are carried out 
    3. Proactive 1: Analyze equipment to try to prevent incorrect actions before they occur 
    4. Proactive 2: Create equipment that cannot be used incorrectly 
 
The best way to avoid mismatch is to initially design the machine in a way that is adapted to 
the human, task and environment (Proactive 2). This has been the subject of a lot of research 
within the field of ergonomics and human factors (Sharp et al., 2007, Boy, 2011, Monö, 1997, 
Pheasant and Haslegrave, 2006, Nielsen, 1993, Wickens and Hollands, 1999, Galitz, 2007, 
Gulliksen and Göransson, 2002). It is also important to evaluate machines to find possible 
mismatches before any negative consequences occur (Proactive 1), in order to avoid shortages 
that are not (Proactive 2) solved and that no one is aware of. 
4.3.6 Input to methodology development 
After a carefully study of mismatch, it becomes clear that it manifests itself in two ways. First 
as an active incorrect action by the human interacting with the machine, and second as a latent 
state being a result of the design of the machine. Thus, an analysis of mismatch must focus on 
both parts, i.e. both the blunt end and the sharp end. 
 
The theory compilation also shows that mismatch may have negative effects on actual use via 
usability problems, but also on the user through physical ergonomics problems. 
 
One limitation is that the methodology will not investigate physical ergonomics problems that 
occur during intended use. This limitation is of a practical nature as MSD is a vast area in 
itself, and also because no need has been found in the projects where the methodology has 
been developed; the already existing methods have been sufficient. 
 
Something that the existing methods does not address, however, is the physical ergonomics 
problems related to ergonomics errors, i.e. when the user does not perform a task in a sound 
ergonomic way, although it is possible - hence the links between psychological ergonomics 
and usability. To evaluate the true ergonomics, not only the possible ergonomics, of a 
machine, it is important to ask the following questions: 
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 Will the task be performed in an ergonomic way? 
Why? / Why not? 
 Can the task be performed in a non-ergonomic way? 
What are then the consequences? 
 
The method development will concentrate on usability problems, use error and ergonomic 
errors with the focus on the cognitive part; why the user does what he/she does as well as how 
and why it turns out right or wrong. 
The next governing factor is the level on which the analysis should be conducted. Mismatch 
between human and machine can be found at many levels, from the labelling of individual 
control levers up to the choice of conceptual models. However, it is still during the individual 
action that the mismatch will make itself felt. It is the individual action that is conducted 
correctly or incorrectly, regardless of the level of the mismatch. The methodology must 
therefore focus on what goes right or wrong in the detailed interactions, i.e. in the individual 
actions. 
 
However, the methodology will not consider Abnormal Use, since this does not lie within the 
framework of the IEC definition of use error, and is therefore not the manufacturer’s 
responsibility. 
 
What the methodology needs to examine in greater detail, to study the mismatch, can be 
summed up in the form of six questions (Table 4.3). The answers to these questions can then 
be used to counteract the mismatch and thereby increase efficiency and safety. 
 
Table 4.3 Requirement questions for method development 
1 a. Will the user act correctly with the machine? 
b. Will the user act correctly with the human? 
2. Why does the user act correctly? 
3 a. Which errors can the user commit with the machine? 
b. Which errors can the user commit with the human? 
4. Why does the user act incorrectly? 
 
Of these four questions, Nos. 1a and 2 derive from the area of Usability Evaluation, while 
Nos. 3a and 4 originate from the area of Human Reliability Assessment. Nos. 1b and 3b 
derive from evaluation of physical ergonomics. 
 
Questions 1 and 2 address usability problems, whereas 3 and 4 address use errors and 
ergonomics errors. It is necessary to deal with both aspects in order to improve safety, since 
the human can be harmed directly by use errors and indirectly by usability problems. The 
answers to these four requirement questions will be helpful in improving usability and safe 
handling of the evaluated equipment. 
 
The next property is how the methodology provides answers to the stated questions (1-4 
above). Since the statements are given in the form of questions, it was decided to incorporate 
the questions in the methods. Thus the methods become question-based in the analysis. 
Question-based analytical methods, according to the author’s own experience, are simple to 
teach, yield fast results, and are advantageous to work with in groups (as is normally done in 
product development projects). Their simplicity is due to the methods’ functioning as a type 
of check-list. 
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The methodology needs to: 
 Relate the blunt end with the sharp end 
 Investigate usability problems 
 Investigate use error 
 Investigate ergonomics errors 
 Not investigate physical ergonomics problems during correct use 
 Take no account of abnormal use 
 Investigate: 
o Will the user act correctly with the machine? 
o Will the user act correctly with the human? 
o Why does the user act correctly? 
o Which errors can the user commit with the machine? 
o Which errors can the user commit with the human? 
o Why does the user act incorrectly? 
 Be question-based 
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4.4 Interaction evaluation 
The theoretical framework concludes with an examination of various methods for evaluating 
interaction and for detecting and identifying mismatch. The review begins with a general 
method theory and continues with different groups of evaluation methods. 
4.4.1 Method theory 
To study the human-machine interaction there are several methods within different areas and 
here areas related to the thesis will be addressed. Yet, before that a bit of basic 
methodological theory is needed to help guide the reader between the different types of 
methods. Methods can be divided between two factors, its type of data and its approach. 
Type of data 
Data is what a method collects, processes and/or presents. This data can be empirical or 
analytical, objective or subjective as well as qualitative or quantitative. 
Empirical and analytical  
Methods can be categorized according to how the data is collected (Bohgard, 2009). The 
origin of the data can be either from empirical or analytical studies. Empirical data comes 
from the direct study of real phenomena, for example from observations and interviews with 
users, measuring of physical dimensions and environmental factors as well as practical 
strength tests. Analytical data comes from indirect studies, i.e. studies that do not collect data 
directly from reality, but instead represent the findings theoretically. Analytical data could 
come from strength calculations, evaluations from templates and other analytical methods 
such as shape analysis. 
Objective and subjective 
The next categorization concerns the source of the collected data and the categories are as 
follows: objective, semi-objective and subjective (Bohgard, 2009). Objectively collected data 
is obtained by direct measurements of real-world phenomena, such as people's heights and 
weights, but also heart rate, EMG and oxygen uptake. Furthermore, objective data can treat 
observations of how many times a person jumps in and out of a truck during a work shift, or 
how often an operator returns to the main menu of an interface when he/she solves a 
predefined task. 
 
Subjective data is dealt with when humans are the study objects. This information is obtained 
when they themselves verbally or in writing express what they believe, feel or think about 
something. Subjective data is therefore the user's experience of physical strain on a muscle 
group, total effort, discomfort or mental workload, for instance. Semi-objective data is 
obtained when a person (not a test subject) makes an estimate or assessment of a phenomenon 
from a template. 
Qualitative and quantitative 
The last category of data describes the type of data, of which there are three types: 
quantitative, semi-quantitative and qualitative (Bohgard, 2009). Quantitative data is direct 
numbers from a measurement or an observation. Semi-quantitative data is categorization or 
ranking from scales, for example how uncomfortable a certain seat is on a given scale or just 
how severe the consequences are of use error (on a different scale). Qualitative data is a 
description and understanding of the world and context in the form of words and images. 
Qualitative data answer questions parameters such as what, who, how, when and where. 
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Approach 
The next classification of methods is based on its approach. What is interesting for the thesis 
is: reactive or proactive, formative or summative and analytical, expert or user. 
Reactive and proactive 
The first categorization of methods can be made by defining whether the analysis is reactive 
or proactive. According to Cacciabue (2004), studies of Human Machine Systems and Human 
Error and Accident Management can be divided into two different approaches: Retrospective 
Analysis and Prospective Analysis. These approaches complement one other and contribute 
equally in the design of safe technology.  
 
Cacciabue describes retrospective analysis as follows: “Retrospective analyses consist of the 
assessment of events involving human-machine interaction, such as accidents, incidents, or 
‘near-misses’, with objective of a detailed search for the fundamental reasons, facts, and 
causes (‘root causes’) that fostered them” (Cacciabue, 2004, p 24). In addition, Cacciabue 
describes prospective analysis thus: “Prospective analyses entail the prediction and 
evaluation of the consequence of human-machine interaction, given certain initiating events 
and boundary configuration of a system” (Cacciabue, 2004, p 24). A fundamental part of 
prospective analysis is creative thinking, as the analysis aims to predict the behaviour of users 
in a man-machine system, especially when the analytical methods do not include any real 
users. 
Formative and summative 
The next categorization is based on when the methods are used during the development 
process and allows the methods to be divided into formative or summative methods (Hartson 
et al., 2001, Leventhal and Barnes, 2008). Formative methods are performed during the 
product development process and their purpose is to shape the product towards the ultimate 
goal, among other things to detect potential problems in design and then counteract them by 
re-design. In the case of formative evaluations these should be performed as early as possible 
during the product development process because it is less resource-intensive to change a 
design at that stage of the process (Hix and Hartson, 1993). 
 
A summative method is applied to the final result of the development process by summarizing 
it. A summative evaluation examines how well the finished product turned out. Methods can 
be both summative and formative, depending on how they are used in relation to the product 
development process. 
Analytical, expert or user 
The final categorization concerns the process of how data is generated in the method and the 
type of method performing the process. The methods may here be categorized as analytical, 
expert or user (Leventhal and Barnes, 2008). An analytical method applies a systematic and 
structured process to achieve its goal. The systematic method and structure are used to reduce 
the assessments done by the performer, thereby increasing the method’s objectivity. An expert 
method relies on experts in the field being able to use their general knowledge and experience 
to collect necessary data. During an expert evaluation an expert assesses a product to list its 
good and bad qualities. The last group is user methods and this method supposes that a user 
with his/her specific knowledge and experience gained during use is able to obtain the 
necessary data. During a user evaluation it is therefore the user who assesses the product to 
list its good and bad qualities. 
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4.4.2 Evaluation methodology 
When applying Human Factors Engineering (including User Centered Design) in product 
development, it is necessary to make use of descriptions and knowledge of human 
characteristics, abilities and limitations, but also a large number of methods for supporting 
and simplifying the work of analysis and synthesis. Important methods include gathering 
information from users, such as interviews, observations and surveys. However, the present 
frame of reference will focus on methods that are dedicated to working on mismatches in the 
Human Machine Systems. 
 
Evaluation for investigating mismatch in the interaction can be conducted in different ways. 
The easiest way is to let a user or HF expert use a machine and then gather their opinions of 
possible mismatch through an interview. This method is usually referred to as Review 
(Bligård, 2011) or Applying Interviews to Usability Assessment (Young and Stanton, 2004). 
 
The next step is to apply more structure to the evaluation, such as a checklist for the HF 
expert and a test procedure for the user. An example of the checklist is heuristics evaluation 
(HE) (Nielsen and Mack, 1994) and for the latter Usability Testing (UT) (Nielsen, 1993). 
 
A third way to get a more structured process is an analytical evaluation where the systematic 
procedure of the method is the basis of the results. Examples include the methods Cognitive 
Walkthrough (CW) (Lewis and Wharton, 1997) and Predictive Human Error Analysis 
(PHEA) (Baber and Stanton, 1996). These methods will reoccur in the thesis, but here is a 
brief presentation of the specific areas of evaluation methods that are relevant for this thesis as 
well as common methods within them. The areas are: 
 
 Evaluation of risk 
 Usability evaluation 
 Human reliability assessment 
 Evaluation physical interaction  
Evaluation of risk 
Methodology and methods to analyze risk need to be proactive and formative to handle 
hazards before consequences occur. A central part of Risk Management is Risk Analysis, also 
termed Safety Assessment. Risk Analysis is usually defined as work on identifying hazards 
and assessing risks in a system (ISO, 2000a, Dhillon, 2003, Sandom, 2004, Kolluro and 
Brooks, 1996).  
 
Central to risk analysis is, therefore, identification of dangerous situations or events, analysis 
of their causes, and investigations of their possible consequences as well as their probability 
of occurrence. On this basis, an assessment is made of the risk in order to determine whether 
risk-reducing measures need to be taken. The two steps in the Generic Risk Management 
process (Figure 4.5) that constitute Risk Analysis in the process are Identifying Hazards and 
Estimation of Risks. 
  
The methods and approaches used in risk analysis can be divided into qualitative, semi-
quantitative, and quantitative ones (Stricoff, 1996). A qualitative analysis is often the first step 
in working with risks. This analysis is used to investigate which risks may occur and how 
they occur. In a semi-quantitative analysis, risks are then ranked relative to each other or with 
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the help of scales or matrices. An example of a simple scale for assessing consequences is 
found in the IEC standard for alarms, IEC 60601-1-8 (IEC, 2003): 
 
High:  Death or irreversible injury 
Medium: Reversible injury 
Low: Minor injury or discomfort 
 
A purely quantitative analysis means that both the probability and consequences of a risk are 
quantified with numbers, i.e. that the probability is calculated as a number between 0 and 1 
while the extent of the consequence is described, for instance, in terms of type and number of 
injuries. This makes a quantitative risk analysis much more resource-demanding than a semi-
quantitative one. Ranking and quantification of risks are done so that the risks can be 
compared, allowing for an evaluation of different ways to minimize the total risk. In relation 
to the Risk Management process illustrated in Figure 4.5, Identifying Hazards can be seen as a 
qualitative approach whereas Estimation of Risks is quantitative or semi-quantitative. 
 
Two frequently used methods in identifying hazards are, firstly, Hazard And Operability 
Study (HAZOP) and, secondly, Failure Mode and Effect Analysis (FMEA) (Taylor, 1994). 
HAZOP involves studying deviations from a normal state. This method investigates what 
happens if something becomes too large or small in a system, such as the value of a parameter 
or the level in a tank. The deviation’s consequences and causes are described. The principle of 
FMEA is to examine each component in a system and ask how it can break down, and what 
happens if it does. For instance, what are the consequences if a specific cooling pump in a 
nuclear power plant stops working? If the consequences are serious, a severe risk has been 
identified.  
 
For estimating the risk itself, two common methods are Fault Tree Analysis (FTA) and Event 
Tree Analysis (ETA) (Stricoff, 1996). FTA considers an event that may cause damage (called 
a top event) and describes what must happen before the event can occur. For example, a car 
parked on a slope cannot begin to roll unless, among other things, both the handbrake and the 
gears are released. ETA starts with an original event and describes the process that must take 
place for the event to cause damage. It also shows what other consequences the original event 
may have, depending on how the process develops. In the case of a parked car, the 
consequences of its beginning to roll depend on what lies further down the slope. If nothing is 
there for the car to hit before it stops, no consequences exist even though a hazard has arisen.  
Usability evaluation 
The next group of methods exists to evaluate usability of machines. This group of methods 
aims to assess usability in the human-machine relation and derives from one or more usability 
attributes, and/or to find problems and improvement possibilities in the design. Examples of 
attributes are learnability, efficiency, memorability, error and satisfaction (Nielsen, 1993). An 
usability evaluation can be conducted, both summative and formative, and there are methods 
that are analytic, expert or user-oriented (Leventhal and Barnes, 2008).  
 
Results deriving from the evaluation methods may be of either a qualitative or a quantitative 
nature. Examples of qualitative results are descriptions of usability problems and use errors, 
since they yield a descriptive result without any numbers. An instance of quantitative results 
is how much time it takes for the user to perform a certain task, or how many mistakes were 
made, i.e. results that can be stated in numbers. The results may also be semi-quantitative, 
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meaning that the user or analyst grades different aspects of usability on a scale. One example 
is a scale for grading the seriousness of identified usability problems (Table 4.4). 
 
Table 4.4 Grading of problems related to usability (Nielsen, 1993) 
Grade Description 
0 Not a usability problem 
1 Cosmetic problem only, need not be fixed unless extra time is available in the project 
2 Minor usability problem: fixing should be given lower priority 
3 Major usability problem: important to fix, should be given high priority 
4 Usability catastrophe: imperative to fix this before product can be released 
 
Three common methods for usability evaluation are the previously mentioned Heuristics 
Evaluation, Usability Testing and Cognitive Walkthrough. A heuristic evaluation (HE) can be 
briefly described as a review of a machine by a list of heuristics / principles / guidelines 
(Nielsen and Mack, 1994). Examples of principles are; "dialogue should be simple and 
natural" and "minimize the user's mental load." A heuristic evaluation often contains 5-20 key 
guidelines, as more can make the evaluation difficult to perform. During the heuristic 
evaluation the machine's deviation from the guidelines is noted and the possible problem 
severity is evaluated. In the literature there are heuristics for different types of machines but 
they can also be developed from theory specific for a project. The results of HE become a 
subjective qualitative and semi-quantitative list of deviations from the guidelines and as HE is 
usually performed by an expert in usability, it becomes an expert method. 
 
A usability testing (UT) is an evaluation in which a user performs predetermined actions with 
a machine under controlled circumstances (Nielsen, 1993). The idea is that user interaction is 
studied (often through videotaping) to analyze parameters such as the number of keystrokes, 
number of errors, number of corrected errors, number of hesitations, use of the manual or if 
the subject gives up. During the test, subjects are often asked to speak out loud and describe 
what they do and how they think. It is not just the cognitive ergonomics that can be studied 
during a usability test, even the physical ergonomics can be studied by the user's various 
postures during use. The test is often followed by an interview and/or a questionnaire on how 
the interaction with the machine was experienced (both physically and cognitively). A 
usability test does not have to be done with a full-developed machine, it is perfectly possible 
to use simpler versions such as card game to display a user interface. UT is a user approach 
method and generates empirical data, subjective and objective, as well as qualitative and 
quantitative. 
 
During a Cognitive Walkthrough (CW) (Lewis and Wharton, 1997) the evaluator or 
evaluation team simulates the user's thought process to understand how the interaction with 
the machine will turn out. The method is based on theory of how people want to learn by trial 
and error. The method is based on the correct way to do something, and subsequent use of a 
questioning process to find what determines whether the user will be able to perform the 
action sequence according to the manufacturer’s definition and in the right way. CW is 
basically an analytical method because of its very systematic approach, but may have 
elements of both expert methods and user methods as both usability experts and users are 
often involved when the method is performed in groups. The result of CW is a qualitative list 
of possible problems that may arise during the interaction. All three methods can be used both 
during development (proactive) and to evaluate the machines in the field (reactive), as well as 
a proactive approach both formative and summative. 
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Human reliability assessment 
One special group of proactive usability evaluation methods is Human Reliability Assessment 
(HRA)1., According to Kirwan (1994, p 17 ), the goal of these methods and techniques is to 
“assess the risk attributable to human error and ways of reducing system vulnerability to 
human error impact.” HRA operates through three basic functions: “… identifying what 
errors can occur (Human Error Identification), deciding how likely the errors are to occur 
(Human Error Quantification), and, if appropriate, enhancing human reliability by reducing 
this error likelihood (Human Error Reduction)” (Kirwan, 1994, p 2). 
 
The methods and techniques used in HRA can be divided roughly into two groups: qualitative 
and quantitative (Stanton and Baber, 1996, Embrey, 2004). The former methods, called 
Human Error Identification (HEI), are used to indicate which errors are likely, while the latter, 
called Human Error Probabilities (HEP), are used to predict the probability that a given error 
will occur. 
 
Common methods for Human Error Probabilities are the Human Error Assessment and 
Reduction Technique (HEART) (Williams, 1986), Technique for Human Error Reduction 
(THERP) (Swain and Guttman, 1983), and Justification of Human Error Data Information 
(JHEDI) (Kirwan, 1994).Using data showing the probability that a human will commit errors, 
these methods aim to assess how probable it is that a specific incorrect action will occur.  
 
The methods employed for the qualitative analysis in HRA (HEI techniques) operate 
primarily within three areas (Baber and Stanton, 1996): 
 
1. “In design of new artefacts, so that potential errors can be identified and rectified 
before production.” 
2. “In risk assessment, so that the impact of safety critical errors in system operation 
can be reduced.” 
3. “In accident investigation, so that the cause of errors can be established.” 
 
One feature shared by different HEI techniques is that they normally contain several or all of 
a set of elements listed below. This list is a compilation from Baber and Stanton (1996), 
Stanton and Baber (1996) and Stanton and Stevenage (1998): 
 
 Take account of all actions that humans can perform with an artefact or a system  
 Break down activities in sequences of steps 
 Identify possible and plausible incorrect human actions 
 Indicate possible psychological error mechanisms that underlie the incorrect action  
 Judge the consequences of incorrect actions  
 State ways of recovering errors 
 Give proposals for how errors should be prevented or mitigated  
 
A frequently used group of qualitative methods consists of Action Error Analysis (AEA) 
(Taylor, 1979, Suokas and Pyy, 1988), Systematic Human Error Reduction and Prediction 
Approach (SHERPA) (Swain and Guttman, 1983) and Predictive Human Error Analysis 
                                                 
 
1 The grouping of HRA as a part of usability evaluation methods is not usually done in the literature, but it 
should be done since HRA investigates a central aspect of the usability of a product/system, namely whether the 
user will commit errors.  
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(PHEA) (Baber and Stanton, 1996, Embrey, 2004). These methods originate in work with 
nuclear energy operators and mistakes in control rooms. The analysis is undertaken to 
examine what potential human errors can occur in the interaction between user and machine, 
and why errors occur. The goal of this analysis is to identify the sequences of use where 
operational errors can affect the performance and fulfilment of system goals. The methods 
aim to break down the user's working tasks into steps (interaction) and then, for each step, to 
identify and investigate potential use errors that the user may commit. The procedure for the 
methods is similar to the one for Cognitive Walkthrough as analyses are required to simulate 
user actions in each step and try to predict what might happen. The results of the methods are 
a qualitative list of potential user error which may occur during the interaction. 
Evaluation physical interaction 
The groups of methods have so far been largely concerned with the cognitive interaction 
between human and machine. In addition, however, the physical interaction needs to be 
evaluated. Evaluations of physical interaction are conducted mainly with two aims, to 
evaluate whether humans can physically perform the task, and to investigate whether humans 
will be injured when the task is performed. The first aim is to achieve good efficiency during 
use and the latter to avoid the occurrence of MSDs.  
 
To examine if the human can perform the task using the machine, user anthropometry can be 
used as reference. (Pheasant, 1990). The design of the machine is then compared to the 
anthropometric data of users to determine if the machine is adapted to the human. The 
comparison can be helped by using computer manikins (Porter et al., 1990).  
 
To examine the likelihood of MSDs occurring, a group of methods originating in 
biomechanics can be used. Posture is evaluated to determine whether any harmful loads may 
occur (Moira, 1990). To simplify the analysis, methods based on observation of body position 
have been developed to assess how harmful the position is. Examples of such methods are 
Rapid Upper Limb Assessment (RULA) (McAtamney and Corlett, 1993) and Rapid Entire 
Body Assessment (REBA) (Hignett and McAtamney, 2000). These types of analyses can also 
be performed with previously mentioned computer manikins. These two groups are of a more 
analytical nature as they do not rely on human judgments but instead give the answers 
directly. 
 
A third way to examine the physical interaction is to carry out measurements on the human 
body such as heart rate to measure effort. Strain on individual muscles can be determined 
through measurements with electromyography (EMG) (Sandsjö, 2004). The methods will 
gradually become more empirical and proceed directly from the user, but with objective data. 
Input to methodology development 
The input from interaction evaluation is based on which properties the methods must have in 
order to effectively enable work with human safety. It is essential for the methods to detect 
mismatches as early as possible in product development. Hence, the methods need to be 
proactive and not reactive. Mismatches should thus be discovered and counteracted before 
they occur. A reactive method exposes humans to unnecessary risks as it demands that 
something must happen before measures are taken. Besides, a reactive method has the 
drawback that it cannot be used early in product development. Therefore, the methods that 
have been developed are proactive and formative, i.e. they seek to evaluate the equipment 
during the design process with the aim of identifying problems so that these can be dealt with. 
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Often no physical equipment or prototype exists early in the product development phase. This 
makes empirical methods less effective since the evaluation becomes less realistic. In 
addition, it is often difficult to obtain enough potential or actual users to be able to apply 
empirical methods on a large scale. The methods that are to be refined should thus be 
analytical because they do not depend as much as empirical methods on involving potential or 
actual users in actual tests. Creating a methodology that is completely analytical, that is 
without assessing people, is not realistic when the knowledge about users and use needed for 
evaluation comes mainly from human sources. It would also require a comprehensive 
structure to move knowledge from the human to the methodology to make the methodology 
able to carry out the assessment itself. It is a more reasonable approach to create an analytical 
framework that enables the methodology to benefit from the knowledge of experts and users, 
an analytical methodology that integrates with the users and experts. 
 
One disadvantage of using formative analytical evaluation however, is that the problems 
detected are potential and not the “real” ones. To confirm that the problems are real, the 
equipment has to be actually used, but this would expose humans to needless risks. Hence, a 
formative analytical evaluation is unavoidable if the method is to work proactively. This also 
leads to generated data being subjective as it is ultimately based on judgments by experts and 
users. 
 
To take measures against usability problems and use errors, the methods must detect and 
identify these explicitly, which means that the methods should be qualitative. Nonetheless, a 
certain amount of semi-quantitative work is needed to enable ranking and prioritising between 
the detected problems and errors. It is important for the most serious problems to be tackled 
first. 
 
In all, the methods must be applicable early in the development process when there are often 
no prototypes (physical product representations), must not be dependent on the availability of 
users, and must be able to detect problems which can then be ranked and prioritised.  
 
One conclusion from the theoretical framework was that it is important to consider use errors 
and usability problems in work with counteracting mismatch. The methodological framework 
described how work with user errors and usability problems takes place in the context of Risk 
Analysis and Human Factors Engineering. This framework has also shown that analysis of 
use errors is mostly to be found within the Human Reliability Assessment (HRA) method 
group, and that analysis of usability problems is preferably found in the Usability Evaluation 
(UE) group. The method development which is described in this thesis will therefore lie 
within the framework of Risk Analysis and Human Factors Engineering, and more 
specifically within Usability Evaluation and Human Reliability Analysis. As the methodology 
focused on detecting mismatch and not on assessing physical ergonomic effects, methods for 
Evaluation physical interaction were not considered as a starting point for the method 
development. These methods will instead act more as a mental support. 
 
The methodology thus needs to: 
 be formative and proactive  
 be analytical, but include users and experts  
 yield qualitative and semi-quantitative data 
 be based on methods within the area of Usability Evaluation and Human Reliability 
Assessment 
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5 The developed methodology - CCPE 
In this chapter the developed methodology is presented (5.1). It is followed by a description of 
the development of the methods and the methodology (5.2). The chapter ends by showing how 
the methodology was used (5.3) in different projects. 
5.1 Description 
The method and methodology development resulted in the Combined Cognitive and Physical 
Evaluation (CCPE) (Paper VIII). It contains four new methods: Generic Task Specification 
(GTS), Enhanced Cognitive Walkthrough (ECW), Predictive Use Error Analysis (PUEA) and 
Predictive Ergonomic Error Analysis (PEEA). 
5.1.1 Procedure 
The CCPE methodology consists of four phases: (1) Definition of evaluation, (2) Human-
machine system description, (3) Work load analysis, and (4) Interaction analysis. Phases 2-4 
consist of 3-4 parts each to address the various factors included in the human-machine system 
(Figure 5.1). 
 
1. Definition of evaluation 
2.Human-machine system description 
a. User profiling b. Task analysis c. Context description d. Interaction description 
3. Work load analysis (by GTS) 
a. Task demands b. Automation levels c. Mental workload d. Physical workload 
4. Interaction analysis 
a. Usability problem analysis  
(by ECW and alarm-ECW) 
b. Use error analysis 
(by PUEA) 
c. Ergonomics error analysis 
(By PEEA) 
Figure 5.1 Procedure of the CCPE methodology, which includes four phases of evaluation of 
a human-machine system 
 
The exact content of each phase may vary depending on the purpose of the evaluation. This 
makes the CCPE methodology highly adaptable to all kinds of human-machine systems, from 
handling a consumer product such as a kitchen aid to the nurse’s workplace around the 
patient’s bed in an intensive-care unit. The methodology can be conducted by a single analyst 
or by a group of analysts; this may be made up of designers, software developers, marketing 
staff, human factors experts and users. What is most important, however, is that there is 
knowledge about the users and knowledge about usage of the machine among the people who 
conduct the assessment. Staffing is described in greater detail later in chapter 6.8. 
5.1.2 Definition of evaluation 
The first phase in the CCPE methodology (Figure 5.1) is to establish the framework for the 
analysis, which then serves as a basis for further analysis. The definition of the evaluation 
phase should answer the following five questions: 
(1) What is the purpose of the evaluation? 
(2) Which machine will be analysed?  
(3) Which usage will be analysed?  
(4) Who is/are the intended user(s)? 
(5) What is the context for its use? 
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The choice of machine, use and user made before the analysis begins is decisive for the 
quality of the subsequent analysis. If the choice of intended use or user is inadequately or 
wrongly made in relation to the actual conditions, the entire evaluation of usability of the 
machine will be inaccurate. It is very important to understand that CCPE methodology is 
highly dependent on the input data upon which the analysis is based.  
5.1.3 System description 
The second phase in CCPE methodology (Figure 5.1) is the system description, which 
illustrates how the human-machine system works. The system description is most important 
for the work and interaction analysis because if the system description is deficient, incomplete 
or wrong, the results of the analysis will suffer. The system description consists of four 
activities: user profiling, task analysis, context description, and interaction description. 
User profiling  
The first part of the system description is to profile the user, i.e. the human(s) acting in the 
system. User profiling describes the intended user’s abilities, limitations and characteristics 
(such as knowledge, experience and anthropometrics) that are relevant for the evaluation. The 
user profile captures the diversity and heterogeneity of the user group and searches for the 
greatest common characteristics. A user profile can include different items for investigation 
depending on the characteristics of the human-machine system. 
 
As the goal of the evaluation is to find mismatches between the human and the machine, the 
user must be correctly and carefully described to obtain an accurate result. Since the 
interaction analysis is based on a simulated user, the user profile must map the internal 
performance-shaping factors to increase the relevance of the evaluation.  
 
To make the user more visible the user profile can be complemented by a persona (Nielsen, 
2004). A persona is a fictitious but realistic user of the machine created to represent a user 
group. The aim of a persona is to make the user more concrete and living and in that way help 
designers meet actual user needs and preferences. A persona should be written so well that the 
designers are enabled to perceive and identify the intended user as an authentic person and 
constantly be reminded to integrate user needs and preferences in their design proposals. A 
persona can be described as a user profile that is brought to life. 
Task analysis  
The second part of the system description is the task analysis, which consists of two parts: (1) 
selection and grading of tasks, and (2) specification and description of tasks. Task here 
includes both cognitive and physical operations. 
 
Selection and grading of tasks  
The first step is to choose which tasks are to be evaluated, and then to grade them according 
to importance. The tasks chosen for evaluation naturally depend on the aim and goal of the 
study. The aim of the study may be to evaluate tasks that are carried out often, or tasks that 
are carried out more rarely but are safety-critical. The selection of tasks must be based on the 
intended use, not on the design or function, of the machine. Above all, it is important that the 
tasks are realistic. 
 
Each task to be evaluated is given a unique number, or task number. The tasks are to be 
graded from 1 to 5, based on how important they are in the intended use of the machine. The 
most important tasks are graded 1 and the least important 5. The grading is called task 
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importance. To allow a comparison between different machines, it is important that the tasks 
which are selected for comparison should have the same task importance for all user machines 
analysed.  
 
Specification and description of the task 
The way chosen tasks should be performed in the correct way by the intended user is 
described in detail with the method of Hierarchical Task Analysis (HTA) (Stanton, 2006). The 
correct way is in accordance with the intended use of the machine described by the 
manufacturer. HTA describes how the overall goal of the task can be achieved through sub-
tasks and plans. The HTA breaks a task down into elements, or sub-tasks. These become ever 
more detailed as the hierarchy is divided into smaller sub-tasks. The division continues until a 
stop criterion is reached, often when the sub-task consists of only one single operation (so-
called progressive re-description). The result is usually presented in a hierarchical tree 
diagram (Figure 5.2). The breakdown into a hierarchical structure based on different levels is 
vital, since the subsequent interaction analysis is performed on all levels. If the task is only 
described as a series of actions, it is not sufficient for the interaction analysis. Further both 
physical and cognitive operations should be included in the task analysis if that is the purpose 
of the analysis.  
 
In CCPE methodology the bottom level in the HTA, i.e. the individual steps in the interaction 
between human and machine, is termed operations. The tasks and sub-tasks that lie above the 
bottom level of the HTA are termed nodes. A node, together with underlying nodes and 
operations, is termed a function (Figure 5.2). In the function boxes the (sub-) task goal is 
described and in the operation boxes both operation goal and the action are entered. The 
nodes and operations in the HTA must be numbered uniquely in order to facilitate the 
compilation of results from the analysis. For example, a function can be described according 
to the uppermost node. When making comparisons between different machines, the design of 
the HTA will be different for each machine. This is not a problem for the subsequent analysis, 
as long as the subdivision and grading of tasks are the same for all the machines. If they are 
not the same, however, it will be impossible to make a relevant comparison. 
 
 
Figure 5.2 HTA hierarchy with operations and functions 
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It is worth noting that an HTA diagram only describes one correct way (with variants) in 
which a user can perform a task. Often a task can be performed in several different ways to 
reach the goal, but often only one way may thus be described in each HTA diagram. When the 
interaction analysis is performed, only one of the correct ways in which a user can perform a 
task is considered. The chosen correct sequence can be the common use, intended use, or 
risky use dependent on the scope of the evaluation. Moreover, the grouping of operations and 
functions may vary for the same task. It is therefore important that the design of the HTA 
diagram corresponds as closely as possible to the sequences of action that occur in reality. 
Context description  
The third part of the system description deals with the context. The user performs the task(s) 
in an environment which is outlined in the context description. It specifies the physical, 
organisational and psychosocial environment during use. The purpose is to map the external 
performance-shaping factors that affect the user (e.g. lighting, noise) and context 
characteristics (e.g. culture, organisation, location) that affect the interaction. 
 
First the environmental and organisational environments are described in general terms. Then 
the performance-shaping factors in the environment are identified and how they affect the 
usage and the user. Added to the context description a graphic system model could be drawn 
presenting the elements affecting the human and the machine, and their interaction.  
Interaction description  
The fourth part in the system description of the human-machine system is the interaction 
between the human and the machine. The interaction description describes the appearance of 
the machine during the analysed tasks and the way the user interacts with the machine. Given 
the correct way (the intended use proposed by the manufacturer) to perform a task as 
described in the HTA diagram, the way machine appears to the user during different actions 
should then be stated. In this way it becomes possible to evaluate the appearance of the 
machine (including the user interface) throughout its use. The interaction description can be 
compiled in a simple way by combining the appearance of the machine (for example using 
screen dumps) with the HTA diagram. Another usable method for describing the interaction is 
Link Analysis (LA) (Stanton and Young, 1999). Link analysis can be used to graphically 
describe how often and in which order an operator uses a machine’s controls and displays 
while performing a task. The method can also be used to describe the user’s eye movements 
and thus understand where attention is focused during work. The link analysis is done by a 
stepwise walkthrough of the task, with each sub-step plotted on a schematic diagram of the 
user interface of the machine. Another more advanced way to describe the human-machine 
interaction is to use the User-Technical Process (UTP), suggested by Janhager (2005).  
 
UTP (Figure 5.3) is used to describe the interplay between the user and the technical system. 
UTP shows parallel processes, namely the user process and the technical process. The user 
process consists of two parts: mental activities and user actions. The mental activities 
illustrate the user’s thoughts and feelings, while the user actions describe what operations a 
user performs to reach the goal of the use. The user actions correspond to the lowest level (= 
operations) in the HTA.  
 
The technical process also consists of two parts: interface functions and technical functions. 
The interface functions describe the appearance of the user interface (sending and receiving 
signals), and the technical functions describe the actions that the machine performs to 
contribute to a certain purpose.  
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The specification of the interaction must be done on the level of detail required for the 
subsequent analysis. There is no general rule for the level of detail needed – it is up to the 
analyst to decide. Each operation has to be described in such a way that the interaction 
between user and machine can be evaluated. Both the user’s actions and the machine’s 
responses to actions must be specified in equal detail. 
 
 
Figure 5.3 User Technical Process (UTP) from Janhager (2005) 
5.1.4 Workload analysis 
The third phase of CCPE methodology is workload analysis (Figure 5.1) which is performed 
with the developed method, Generic Task Specification (GTS) (Paper VII). The purpose of 
the work load analysis is to map automation levels, task demands, mental workload and the 
physical workload which may affect the interaction between human and machine. The aspects 
are divided into four parts:  
 
 (1) task demands  
 (2) automation levels 
 (3) mental workload, 
 (4) physical workload 
 
When using the GTS framework, the purpose of further interaction analysis of the human-
machine system is to determine the selection of aspects presented in output data matrices. If, 
for example, the focus of the further analysis is on cognitive demands, then aspects regarding 
mental workloads are categorised and aspects of physical workload could thus be excluded, 
and vice versa. However, this exclusion should be performed with great caution. It is 
important to fully understand if one of these aspects does not play an important role in the 
M
en
ta
l
ac
tiv
ite
s
U
se
r
ac
tio
ns
In
te
rf
ac
e
fu
nc
tio
ns
Te
ch
ni
ca
l
fu
nc
tio
ns
Overall mental goal
Mental goal 1 Mental goal 3Mental goal 2
Action 1
Interface
status 1
Action 3
Technical
Status 3
Interface
status 2b
Interface
status 2a
Technical
status 1
Action 2
Technical
status 2a
Technical
Status 2b
Interface
status 3
  - 58 - 
interaction. Exclusion of an aspect also counteracts the fundamental idea of the CCPE 
methodology, that of combined evaluation.  
 
Categorisation and grading within each aspect may also be adapted to the specific human-
machine system studied. Categories and the number of grades can be changed to better fit the 
overall purpose of the evaluation. However, it is important that the specific meaning of each 
category and grade is defined for each use. 
Task demands 
The first part of the work load analysis is to describe the task demands. Task Demands refers 
to the demands that the task make on the user for each operation in the HTA. The demands 
from a task/operation are independent of the user who performs the task/operation. Task 
demands are dependent on the task, but also on the interacting machine and the environment. 
If multiple machines or environments are studied for the same task, they require separate sets 
of task demands. The task demands are described by five aspects (type, category, accuracy, 
time, performance).  
 
(1) Task Type (TT): The operations are classified into categories. 
 
 Action (A)  - e.g. pressing a button or pulling a switch 
 Retrieval (R)  - e.g. getting information from a screen or manual 
 Checking (C)  - e.g. conducting a procedural check 
 Selection (S)  - e.g. choosing one alternative over another 
 Communication (I)  - e.g. talking to another party 
 
(2) Task Category (TC): Each operation is classified according to generic task categories, i.e. 
in this case if the operation is machine-specific or also common in other machines. 
 
 Common (L)  The operation is common in the use of the machine 
 Regular (R)  The operation is regular in the use of the machine 
 Uncommon (O)  The operation is uncommon in the use of the machine 
 
(3) Performance/Accuracy (P/A): The accuracy of the performance. 
 
 High (H):  The task must be performed with high fine-motor ability and/or 
 precise mental processing 
 Medium (M): The task must be performed with some fine-motor ability and/or 
 medium mental processing 
 Low (L):  The task can be performed with low accuracy 
 
(4) Time Pressure (TP): How much time pressure does the user feel due to the rate or pace at 
which the tasks occur? 
 
 High (H): Almost never has spare time. Interruptions or overlap among 
 activities are very frequent, or occur all the time. 
 Medium (M): Occasionally has spare time. Interruptions or overlap among 
 activities occur frequently. 
 Low (L): Often has spare time. Interruptions or overlap among activities 
 occur infrequently, or not at all. 
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(5) Performance-Shaping Factors (PSF): Which additional factors might influence the 
performance of the user during execution of the tasks? The factors can either be external or 
internal stressors, or both, for example air temperature, fatigue or working colleges. No 
classification of these factors is needed, only points of view should be written in free text, 
since there exist a plethora of possible Performance-Shaping Factors. Lists of plausible PSFs 
have been written by Kim and Jung (2003), among others. 
Data for the aspects can be gathered by interviews with users, by observations of use, and by 
use of more advanced methods such as Applied Cognitive Task Analysis (ACTA) (Militello 
and Hutton, 1998). 
 
The aim of ACTA is to elicit information about the cognitive demands and skills required for 
performing a task. An ACTA is composed of three combined interview procedures. The 
structure of ACTA facilitates transformation of the information more directly into applied 
machines, such as user interface design or training scenarios.  
Automation levels 
The second part of the work load analysis is to map the automation level. Automation 
describes the allocation of the task between the human and the machine. The classification of 
automation is performed for each operation and is independent of the user who performs the 
task/operation. The automation levels are described in seven categories: 
 
(1) Power (P) What/who provides the power in performing the task? 
 
 High (H):  The machine provides almost all the power 
 Medium (M):  Both human and machine provide the power 
 Low (L):  The human provides almost all the power 
 
(2) Data Collection (DC) What/who collects the data from the process when performing the 
task? 
 
 High (H):  The machine collects almost all the data 
 Medium (M):  Both human and machine provide the data 
 Low (L):  The human provides almost all the data 
 
(3) Data Analysis (DA) What/who analyses the collected data when performing the task? 
 
 High (H):  The machine performs almost all the data analysis 
 Medium (M):  Both human and machine perform data analysis 
 Low (L):  The human performs almost all the data analysis 
 
(4) Decision Making (DM) What/who makes the decision based on the analysed data? 
 
 High (H):  The machine makes the decision 
 Medium (M):  Both human and machine make the decision  
 Low (L):  The human makes the decision 
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(5) Control (CO) What/who controls the performance of the task? 
 
 High (H):  The machine controls the performance of the task 
 Medium (M):  Both human and machine control the performance of the task 
 Low (L):  The human controls the performance of the task 
 
(6) Execution (EX) What/who executes the task? 
 
 High (H):  The machine executes the task 
 Medium (M):  Both human and machine execute the task 
 Low (L):  The human executes the task 
 
(7) Supervision (S) What/who supervises the performance of the task? 
 
 High (H):  The machine supervises the task 
 Medium (M):  Both human and machine supervise the task  
 Low (L):  The human supervises the task 
 
Data for the seven automation categories can be gathered via further analysis of the 
interaction description and by studying the actual or proposed human-machine system.  
Mental workload 
The third part of the work load analysis is to analyse the mental workload. The mental 
workload describes the load that the user’s information process is exposed to when 
performing the tasks. The classification of mental workload is made for each operation and is 
dependent on the user who performs the task/operation, which is described by the user profile. 
This is in contrast to task demands, where the classification is independent of the human who 
performs the task/operation. The mental workload is described by six aspects:  
 
(1) Mental Processing Type (MPT): This aspect describes the mental level at which the 
operations are performed. Each operation is classified into categories. 
 
 Skill-Based Processing (SB)  Automatic actions in response to a stimulus 
  (unintentional) 
 Rule-Based Diagnostic Processing (RBD)  Diagnostic-based, previously learned rules 
  (deliberate or unintentional) 
 Rule-Based Action Processing (RBA)  Behaviour-based, previously learned rules 
  (deliberate or unintentional) 
 Knowledge-Based Processing (KB) Problem-solving and judgement 
  (deliberate) 
 
(2) Attention Resources (AR): This aspect shows how much perceptual attention activity is 
required when performing the task, e.g. when examining, searching, and monitoring data. 
 
 High (H): High attention effort and concentration necessary. The activity 
 requires extensive attention. 
 Medium (M): Medium attention required. 
 Low (L):  Low attention is required. The activity is almost automatic, requiring 
 minor or no attention.  
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(3) Memory Resources (R): This activity shows how much memory activity is required when 
performing the task, e.g. when thinking, deciding, calculating, remembering, and searching 
for information. 
 
 High (H): High memory resources necessary 
 Medium (M): Medium memory effort required 
 Low (L):  Low memory resources required 
 
(4) Processing Resources (PrR): This aspect deals with the complexity of decision-making 
and shows how much processing activity is required when performing the task, e.g. thinking, 
deciding, calculating, remembering, and searching for information. 
 
 High (H): High mental processing effort and concentration necessary. 
 Very complex activity. 
 Medium (M): Medium mental effort or concentration required. Complexity of 
 activity is moderate due to uncertainty, unpredictability, or 
 unfamiliarity. 
 Low (L): Low conscious mental effort or concentration required. The activity 
 is almost automatic. 
 
(5) Frustration and Stress (FS): How insecure, discouraged, irritated, stressed or annoyed, 
versus secured, gratified, content, relaxed and complacent, is the user when performing the 
task? 
 
 High (H):  High stress due to confusion, frustration or anxiety. High to extreme 
 determination and self-control required. 
 Medium (M): Medium stress due to confusion, frustration, or anxiety noticeably 
 adds to the workload. Significant compensation is required to 
 maintain adequate performance. 
 Low (L):  Low confusion, risk, frustration, or anxiety exists and can be easily 
accommodated.
 
(6) Superimposed Mental Activities (SMA): What does the user think about when performing 
the task? Superimposed mental activities can for example be the overall aim for the user, 
machine parameters which need continuous monitoring, or selection of the strategy for the 
next main task. No classification needed, points of view just written in free text. 
 
Data for the mental workload aspects can be gathered by interviews with users and 
observations of use, and by use of more advanced methods such as Subjective Work Load 
Assessment (SWAT) (Wilson and Corlett, 1995) and NASA Task Load Index (Hart and 
Staveland, 1988). 
Physical workload
The fourth part of the work load analysis deals with the physical workload. The physical 
workload describes the load that the user’s body is exposed to when performing the task. The 
classification of physical work load is made for each operation and is dependent on the user 
who performs the task/operation, who is described by the user profile. This is in contrast to 
task demands, where the classification is independent of the user who performs the 
task/operation. The physical workload is described by five aspects: 
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 (1) Force Resources (FR): How much force is required when performing the task, e.g. when 
pushing, pulling, and turning? 
 
 High (H): High effort required to produce sufficient force 
 Medium (M): Medium effort required to produce sufficient force 
 Low (L):  Low effort required to produce sufficient force 
 
(2) Fine-Motor Resources (MR): How much fine-motor ability is required when performing 
the task, e.g. when pushing, pulling, and turning? 
 
 High (H): High fine-motor ability required 
 Medium (M): Medium fine-motor ability required 
 Low (L):  Low fine-motor ability required 
(3) Speed Resources (SR): How much speed is required when performing the task, e.g. when 
pushing, pulling, and turning?  
 
 High (H): High speed required 
 Medium (M): Medium speed required 
 Low (L):  Low speed required 
 
(4) Body Loads (BL): This aspect shows which parts of the body are affected by physical 
loads in the operation. The body is divided into different parts, e.g. (a) Neck, (b) Shoulders, 
(c) Arm and Elbow, (d) Hand and Wrist, (e) Upper Back, (f) Lower Back, (g) Leg and Knee 
and (h) Foot and Ankle.  
 
 High (H): High body load on the zone 
 Medium (M): Medium body load on the zone 
 Low (L):  Low body load on the zone 
 
(5) Body Contact (BC): If there is a possibility that various body parts come into contact with 
the machine or environment unintentionally, this may result in discomfort and injury. No 
classification, points of view just written in free text. 
Data for the aspects can be gathered through interviews with users and observations of use, 
and by use of methods for load assessment such as Rapid Upper Limb Assessment (RULA) 
(McAtamney and Corlett, 1993) and Rapid Entire Body Assessment (REBA) (Hignett and 
McAtamney, 2000). Biomechanical calculations can also be made, or measurement of 
muscular strength can be performed using electromyography. 
Result compilation  
The fifth part in the work load analysis is the creation of matrices. The output data from GTS 
is semi-quantitative so the results can be displayed in different types of matrices. In this way, 
the workload and demands can be compared with each other or assessed separately. By 
comparing the mental and physical workload with the task demands and the user profile, 
presumptive mismatches between human and machine can be detected, e.g. high short-term 
memory load or high physical static loads on the shoulders. The result of the work load 
analysis is thus the basis for the interaction analysis as it describes factors that may affect the 
interaction. 
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5.1.5 Interaction analysis 
The fourth and final phase in CCPE methodology is interaction analysis (Figure 5.1), where 
the interplay between human and machine is evaluated. Interaction analysis is based on the 
correct handling sequences described in the HTA diagram. In the analysis, the HTA is divided 
into two parts: operations and functions. Operations are the lowest level in the HTA and 
functions are the sub-tasks in the HTA. For each function and operation, questions are asked 
to identify presumptive mismatches. The question process tries to simulate how the user 
interacts with the machine, with the analysts in the evaluation team playing the role of the 
user. 
 
The interaction analysis consists of three parts: (1) usability problem analysis, (2) use error 
analysis, and (3) physical ergonomic error analysis. The interaction analysis results in a list of 
identified human-machine mismatches. The mismatches are also graded from low importance 
to high importance. A grading system makes it easier to determine what it is most important 
to rectify in the subsequent redesign of the machine. If suitable the interaction analysis can be 
supplemented with analysis of physical ergonomic problems, e.g. with methods previously 
mentioned such as REBA and RULA. However, this is outside the scope of the CCPE 
methodology.  
Usability problem analysis (ECW) 
The first part of interaction analysis is to analyse usability problems in the human-machine 
system. The usability problem analysis is performed by the Enhanced Cognitive Walkthrough 
(ECW) method (Paper II). ECW is an analytical method which looks into potential usability 
problems by investigating what prevents the user from performing correct actions and why 
that happens. ECW uses a detailed procedure to simulate the user’s problem-solving process 
at each step of the interaction between human and machine. There is a continual check of 
whether the user’s goal and knowledge can lead to the next action being correctly executed. 
Enhanced Cognitive Walkthrough (ECW) is based on the third version of CW, presented by 
Lewis et al. (1997), which is one of the variants of the CW method (Mahatody et al., 2010). 
 
Prediction of usability problems 
To predict usability problems, the analyst works through the question process in ECW for all 
the selected tasks. The interaction analysis is based on the described correct handling 
sequences in the HTA. The question process then generates conceivable usage problems. The 
question process is divided into two levels of questions (Table 5.1). The first (level 1) is 
employed for the nodes in the HTA, and the second (level 2) for the operations in the HTA. In 
level 1, the machine’s ability to “capture” the user is studied, and in level 2 its ability to lead 
the user to perform the function correctly is studied. 
 
The analysis begins with the analyst asking the questions on level 1 for the uppermost node in 
the HTA diagram (Figure 5.2). The analysis then continues downward through the HTA 
diagram, where the analyst employs questions on level 1 for the nodes and questions on level 
2 for the operations furthest down in the tree. The underlying nodes/operations of a given 
node are analysed completely before the analysis proceeds to the adjacent node. 
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Table 5.1 Analysis questions for ECW 
 Level 1: Analysis of tasks/functions Level 2: Analysis of operations  
1 Will the user know that the evaluated function 
is available? 
Does the user expect, on the basis of 
previously given indications that the function 
exists in the machine? 
Will the user try to achieve the right goals of 
the operation? 
Does the user expect, on the basis of 
previously given indications, what is to be 
performed? 
2 Will the user be able to notice that the 
function is available? 
Does the machine give clues that show that 
the function exists?  
Will the user be able to notice that the action 
of the operation is available? 
Does the machine give clues that show that the 
action is available and how to perform it? 
3 Will the user associate the clues with the 
function? 
Can the user’s expectations and the machine's 
indications coincide? 
Will the user associate the action of the 
operation with the right goal of the operation?  
Can the user’s assumed operation and the 
machine's indications coincide? 
4 Will the user get sufficient feedback when 
using the function? 
Does the machine give information that the 
function has been chosen and the position the 
user is at in the interaction? 
Will the user be able to perform the correct 
action? 
Do the abilities of the user match the demands 
by the machine? 
5 Will the user get sufficient feedback to 
understand that the function has been fully 
performed? 
Does the user understand, after the performed 
sequence of actions, that the right function has 
been performed? 
Will the user get sufficient feedback to 
understand that the action has been performed 
and the goal has been achieved?  
Does the user understand, after the performed 
operation, that he/she has done it correctly? 
 
Grading of the answers 
Each question is answered with a grade (a number between 1 and 5) (Table 5.2) and a 
justification for the grade. These justifications, called failure/success stories, are the 
assumptions underlying the choice of grades, such as that the user cannot interpret a displayed 
symbol. The grading, called problem seriousness, from 1 to 5 represents different levels of 
success (Table 5.2). Grading makes it easier to determine what it is most important to rectify 
in the subsequent reworking of the machine. 
 
Table 5.2 Grading of the failure/success stories 
Grade Grade in words Explanation 
5 Yes A very good chance of success 
4 Yes, probably Probably successful 
3 Do not know Impossible to decide if successful or not 
2 No, uncertain Small chance of success 
1 No A very small chance of success 
 
During prediction of usability problems, each question is answered – assuming that the 
preceding questions are answered with YES (grade 5) – irrespective of what the real answer 
was for the last question. In certain cases, however, the questions may be impossible to 
answer, and these must be marked with a dash in the protocol. 
 
Identification of problem  
The next step is to identify the predicted problems. If the problem seriousness is between 1 
and 4, i.e. not with “a very good chance of success”, it points to the existence of a potential 
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usability problem. Based on the failure story, the usability problem is then described. The 
problem is the cause which prevents the user from performing the correct action. 
 
Table 5.3 Problem types employed in ECW 
Problem Type Explication Origin 
User  
(U) 
The problem is due to the user’s experience and 
knowledge, possibly because the user is 
accustomed to different equipment 
Comes primarily from 
questions 1 and 3 
Hidden  
(H) 
The interface gives no indications that the 
function is available or how it should be used 
Comes primarily from 
question 2 
Text and icon  
(T) 
Placement, appearance and content can easily be 
misinterpreted or not understood 
Comes primarily from 
question 3 
Sequence  
(S) 
Functions and operations have to be performed in 
an unnatural sequence 
Comes primarily from 
question 1 
Physical demands 
(P) 
The interface has too high demands on the user’s 
physical speed, motoric and force 
Comes primarily from 
question 4 (operation level) 
Feedback  
(F) 
The interface gives unclear indications of what 
the user is doing or has done 
Comes primarily from 
question 4 (function level) 
and question 5  
 
Each problem is further categorised by a problem type. The categorisation stems from the 
failure stories and the description of the problem. Depending on the machine and the task that 
the user is to solve with it, different problem types can be used. Suggestions of problem types 
are given in Table 5. 3. 
 
Prediction and identification of usability problems are conducted in parallel, i.e. a problem is 
investigated in depth immediately after being identified. During the analysis templates are 
used, one for each operation and function (Appendix F). The results of the identification are 
then later reported in a tabular form. 
 
Compilation in matrices 
Matrices are employed to present the semi-quantitative results from the analysis. The 
collected answers from the prediction and identification are ordered in different ways within 
the matrices so as to emphasise different aspects of the analysis. The matrices can be 
combined in various ways and the numbers in the matrix cells show the number of detected 
problems distributed according to the two types of data that are compared. The information 
employed from the ECW consists of: task number, task importance, problem severity and 
problem type. The matrices can be combined in several ways (Table 5.4). 
 
The five different matrices in Table 5.4 describe the perception of problems with the machine 
in different ways. The numbers in the matrices show how many problems exist in the specific 
combination of analysis results relating to the entire problem complex. Since the matrices 
only exhibit the same problem complex in different ways, the sum of the numbers is the same 
in all matrices belonging to a given machine. 
 
Matrix A (problem seriousness versus task importance) shows if there are serious usability 
problems with the machine that can prevent its intended use. If there are many problems in the 
upper left corner of the matrix, this means that serious problems exist in important tasks. If 
the problems are in the lower part of the matrix, they come from less important tasks, and if 
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the problems are found in the right part of the matrix they are not so serious. An example of 
Matrix A is shown in Figure 5.4. The figure shows that there are three problems with task 
importance 4 and problem seriousness 3 (the cell with diagonal lines). 
 
Table 5.4 Matrices for presenting the results from the ECW analysis 
Name Content Explanation 
Matrix A Problem seriousness 
versus task importance 
This shows the machine’s general condition 
Matrix B Problem seriousness 
versus problem type  
This shows the overall problems with the 
machine 
Matrix C Problem type versus task 
importance 
This shows which problems are most 
important to rectify 
Matrix D Problem seriousness 
versus task number  
This shows which tasks have the most 
problems 
Matrix E Problem type versus task 
number 
This shows which types of problems are most 
common in the tasks 
 
Matrix B shows problem seriousness versus problem type. This kind of matrix provides an 
overview of what sorts of problems exist in the machine and how serious they are. Such a 
matrix may, for instance, show that most of the problems concern marking of buttons, but that 
the most serious problems have to do with feedback. By studying the numbers in each matrix, 
one can find patterns, see how serious the problems are, and understand which types of 
problems stem from the design of the machine. 
 
Problem Seriousness 
Task Importance 1 2 3 4 
1 0 0 0 1 
2 0 1 1 8 
3 2 2 8 1 
4 1 2 3 5 
5 1 0 0 0 
 
Figure 5.4 Example of Matrix A – Problem seriousness versus task importance 
 
Matrix C (problem type versus task importance) shows which problems are most common in 
the most important tasks. Matrices D and E reveal more specifically how serious the problems 
are that occur in each task and what types of problems they are.  
Alarm analysis (Alarm-ECW) 
The Alarm-ECW method is a special version of Enhanced Cognitive Walkthrough with focus 
on alarm signals and alarm messages (Paper XII). The difference is that the question on level 
2 is replaced with a new set of questions (Table 5.5). In the Human-machine system 
description the characteristics (visual, audible and haptic) of the investigated alarms, the task 
(how to attend to the alarm) and the operator all need to be described.  
 
The usability analyst(s) answer(s) six questions (Table 5.5) after taking on the persona of the 
operator, i.e. the analyst puts himself/herself in the operator’s situation. If applicable, 
questions 1 and 2 are answered on the assumption that the operator is located at a distance 
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from the alarming device. Questions 3 to 6 are answered on the assumption that the operator 
is next to the alarming device. 
 
Table 5.5 Analysis questions for Alarm-ECW 
Question Explanation 
1. Will the operator be able to detect that there is 
an alarm condition? 
Is the operator likely to notice the alarm? 
2. Will the operator understand the seriousness of 
the alarm? 
Does the alarm alert the operator in a way that 
matches the alarm’s priority? 
3. Will the operator be able to identify the alarm? Is it possible to distinguish this alarm from other 
alarms? 
4. Will the operator be able to interpret the 
alarm? 
Does the operator understand the cause of the 
alarm? 
5. Will the operator associate the correct 
measure/action with the alarm? 
Does the alarm guide the operator to the 
necessary corrective action? 
6. Will the operator get sufficient feedback to 
understand that the alarm has been attended to 
correctly? 
Can the operator understand, after taking 
corrective actions, that he/she has performed the 
appropriate measure(s)? 
 
The process after that is the same as for ECW. The answer from each question is called a 
success/failure story and it is a justification of why, or why not, the user/operator will be 
successful. From the success/failure story a problem seriousness (PS) rating is derived for 
each question. The problem seriousness rating is a classification of how successful the 
operator will be in attending to the alarm correctly. 
 
If problem seriousness is between 1 and 4, it points to the existence of a presumed usability 
problem. The usability problem is described based on the failure/success story. The problem 
is the causes which restrain the user from performing the correct action and it is further 
categorised into a problem type (PT). 
 
Further, alarms usually have a priority which depends on how critical the alarm condition is. 
For example, in medical technology one way to prioritise alarms is with low, medium or high 
priority. In the ECW-method this priority is referred to as alarm importance. During the 
analysis templates are used, one for each alarm (Appendix F). 
Use error analysis (PUEA) 
The second part of the interaction analysis is the use of error analysis. Here the aim is to 
predict and identify presumptive use errors in the interaction. Use error analysis is performed 
by the Predictive Use Error Analysis (PUEA) (Paper III) method. PUEA is a theoretical 
analysis method for Human Error Identification. It is based on the methods of Action Error 
Analysis (AEA) (Harms-Ringdahl, 2001), Systematic Human Error Reduction and Prediction 
Approach (SHERPA), (Stanton and Baber, 2005) and Predictive Human Error Analysis 
(PHEA) (Embrey, 1986). PUEA employs a detailed process for breaking down the user’s 
tasks into steps and, for each step, then predicting and identifying potential errors of use. 
 
Prediction of use errors  
To predict use errors, the analyst works through all the selected tasks. The interaction analysis 
is based on the correct handling sequences described with an HTA. To predict potential 
incorrect actions, a question process is employed. The question process is divided into two 
levels of questions (Table 5.6). The first (level 1) is employed for the nodes in the HTA, and 
the second (level 2) for the operations in the HTA. On level 1, use errors are identified that 
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may arise when actions are performed at the wrong time or in the wrong order. On level 2, use 
errors are identified that may occur in the individual action.  
 
Table 5.6 Analysis questions for PUEA 
Level 1: Analysis of tasks/functions Level 2: Analysis of operations  
What happens if the user performs an incomplete 
operation or omits an operation? 
What can the user do wrongly in this 
operation? 
What happens if the user performs an error in the 
sequence of operations? 
What happens if the user performs the 
operation at the wrong time? 
What happens if the user performs functions/tasks 
correctly but at the wrong time? 
 
 
Guided by the questions, the analysts try to predict as many use errors as possible that can 
arise in the human-machine interaction. Each predicted use error is noted in a list. During this 
process, they also eliminate errors that are considered too unlikely to occur. This elimination 
is done in relation to how the simulated user is expected to make decisions and perform, in 
view of the machine and the social, organisational and physical contexts. However, it is 
important to be careful about dismissing without further investigation improbable errors that 
would have serious consequences, as these can also constitute a hazard. If there are no use 
errors corresponding to the answers to the questions, this also should be noted. 
 
The prediction of use errors begins with the analysts asking the questions on level 2, for the 
operation furthest down to the left in the HTA tree. When all operations in that HTA branch 
have been analysed, the analysis continues to the node above, which is analysed with the 
questions on level 1. Next, the analysis shifts to the operations that lie below the adjacent 
node to the right of the previously analysed node. These operations are then analysed on level 
2. The analysis continues similarly, i.e. the nodes/operations below a given node are analysed 
completely before the analysis proceeds to the adjacent node.  
 
Use error identification 
For each predicted use error, an investigation is made of eight items: (1) error type; (2) error 
cause; (3) primary consequence of the error; (4) secondary consequence of the error; (5) error 
detection; (6) error recovery; (7) protection from consequences of use error; and (8) 
prevention of use error. The first two concern the error itself, the next two its potential 
consequences, and the last four items concern mitigations of the errors and consequences. 
Four of the items also contain a categorisation (1 and 2), a judgment of probability (5), or a 
judgment of severity (4). This is done to facilitate the compilation and assessment of the 
investigation. 
 
(1) Error type. For the description of the use error that was given during the identification 
(questions from Table 5.7), the error is also categorised according to the description in Table 
5.7. The classification of the type of use error is based on proposals from Baber & Stanton 
(1996) and Embrey (2004).  
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Table 5.7 Error types for PUEA 
Error Type  Explanation 
   
Plan P1 Plan preconditions ignored 
P2 Incorrect plan executed 
P3 Correct but inappropriate plan executed 
P4 Correct plan executed but too soon/too late 
P5 Correct plan executed in wrong order 
   
Action A1 Action too long/short 
A2 Action mistimed 
A3 Action in wrong direction 
A4 Action too little/too much 
A5 Misalign 
A6 Right action on wrong object 
A7 Wrong action on right object 
A8 Action omitted 
A9 Action incomplete 
A10 Wrong action on wrong abject 
A11 Unnecessary action 
   
Checking C1 Checking omitted 
C2 Check incomplete 
C3 Right check on wrong object 
C4 Wrong check on right object 
C5 Check mistimed 
C6 Wrong check on wrong object 
   
Retrieval R1 Information not obtained 
R2 Wrong information obtained 
R3 Information retrieval incomplete 
   
Communication T1 Message not transmitted 
T2 Wrong message transmitted 
T3 Message transmission incomplete 
   
Selection S1 Selection omitted 
S2 Wrong selection made 
 
(2) Error cause. The error cause describes why the user is performing a use error. The error 
is also categorised according to a classification adapted from GEMS (Generic Error 
Modelling System) (Reason, 1990) (Table 5.8). This categorisation is made according to the 
criteria described by Reason (1990). 
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Table 5.8 Error causes classification 
Error Cause Explanation 
(L) Lapse A memory lapse, forgetting the intention. Why am I doing this? ‘Forget 
plan or execution’. 
(S) Slip Failure of attention during execution. A correctly planned action is not 
correctly executed. ‘Good plan, bad execution’. 
(R) Rule-based 
mistake 
Occurs during problem-solving of familiar situations. Misapplications of 
good rules, i.e. well-known rules are used incorrectly to make a decision. 
‘Bad plan, good execution’. 
(K) Knowledge-
based mistake 
Occurs during full attention to problem-solving activities, or problems never 
encountered before. Wrong decision based on own conclusions drawn from 
prior knowledge and known rules. ‘Wrong conclusions, correct execution’ 
(V) Violations Intended act or omission of act that violates present regulation and/or 
instruction, e.g. braking rules. Error action can be cutting corners to save 
time, omitting safety checks etc. 
 
 (3) Primary consequence of the error. Here the primary consequence of the use error is 
noted, i.e. the direct effect of the error on the machine. Primary consequences can be 
described as what happens in the underlying technical system after the error and how the 
machine reacts to the error. 
 
Table 5.9 Grading of Secondary Consequence 
Grade Grade in words Explanation 
1 Disastrous Death, loss of function or permanent impairment or damage to 
body structure 
2 Major Permanent impairment or damage to body structure 
3 Moderate More severe injury requiring medical treatment 
4 Minor Minor reversible injury 
5 Negligible Inconvenience or possibly minor reversible injury 
 
(4) Secondary consequence of the error. Secondary consequences are the effects of errors 
that can lead to a hazardous situation for the user or other people, or to the risk of machine 
damage or economic loss. Secondary consequences are graded on a five-point scale. Table 5.9 
shows a scale adapted for injury to humans.  
 
Table 5.10 Grading of Detection of the Error 
Grade Grade in words Explanation 
1 Improbable Extremely difficult to detect 
2 Remote Difficult to detect 
3 Occasional May be detected 
4 Reasonable Likely to be detected 
5 Frequent Most often or always detected 
 
 (5) Detection of the error. Investigation as to whether the user will detect an already 
committed error before it has any secondary consequences. Also reports on which technique 
or method the machine employs to indicate to the user that a use error has occurred. The 
probability that the user will detect the error is graded according to Table 5.10.  
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(6) Error recovery. Investigation as to whether an already committed error can be corrected, 
i.e. whether the user has any possibility of undoing the error before any secondary 
consequences occur.  
 
(7) Protection from consequences. Investigation of which measures the system employs to 
protect the user and the environment from the consequences of the error. The measures may 
be physical barriers or alarm systems. 
 
(8) Prevention of error. Investigation of which measures the technical system employs to 
prevent the use error from occurring. Preventive measures may be anything from a “dead-
man’s grip” to warnings in the manual.  
 
Prediction and identification of use errors are conducted in parallel so that an error is 
investigated immediately after being identified. During the analysis templates are used, one 
for each operation and function (Appendix F). The results of the identification are then later 
reported in tabular form. 
 
Compilation in matrices 
Matrices are used for presenting the semi-quantitative results from the analysis part of PUEA. 
The answers from the investigation are arranged in different ways in the matrices to highlight 
different aspects of the analysis. The matrices show the sum of use errors on the basis of the 
ways in which the use errors have been numbered, graded or categorised – that is, in terms of 
task number, error type, error cause, detection, and secondary consequence. 
 
The matrices can be combined in several ways (Table 5.11). The number in each cell of these 
matrices indicates how many problems have been detected when two types of semi-
quantitative results are compared. Table 5.11 describes ten possible matrices, A-J, which can 
be produced from the semi-quantitative results. For example, matrix A shows how many use 
errors exist in each task, and the consequence of the errors.  
 
Table 5.11 Matrices for presenting the results of the PUEA analysis 
Name Content Explanation 
Matrix A: Consequence versus task Shows the tasks with the most serious error consequences 
Matrix B: Error type versus task number Shows which type of use error exists in the various tasks 
Matrix C: Error cause versus task number Shows the causes of the use errors in the different tasks 
Matrix D: Error type versus secondary Shows which error type gives rise to the highest risks 
Matrix E: Error cause versus secondary Shows which error cause gives rise to the highest risks 
Matrix F: Error cause versus error type Shows the coupling between error cause and error type 
Matrix G: Detection versus task number Shows in which tasks errors are difficult to detect 
Matrix H: Detection versus error type Shows which type of error is difficult to detect 
Matrix I: Detection versus error cause Shows the causes of errors that are difficult to detect 
Matrix J: Detection versus secondary Shows severity of consequences for errors that are difficult 
 
Which matrices are produced depends on the overall purpose of using PUEA. Matrices A, B, 
C and G report information connected with each task, while the other matrices show the 
relation between the types of semi-quantitative data from the error analysis. Matrix J 
illustrates an aspect of hazard with the machine, since it reports the probability of detecting 
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errors as compared with the seriousness of the consequences. The total risk cannot be 
illustrated as PUEA does not investigate the probability that a specific error will occur. Matrix 
D presents error type versus consequence seriousness. This matrix shows the severity of each 
type of error. If the numbers are found in the left side of the matrix, the errors have severe 
consequences. If the numbers are found in the right side of the matrix, the consequences are 
not so severe.  
 
Matrix H presents error type versus detection probability. The matrix shows how probable it 
is that errors of different types are detected. If the majority of the numbers are found on the 
left side of the matrix, it means that the errors are hard to detect. On the contrary, if numbers 
are found on the right side of the matrix, the errors are easily detected before any serious 
consequences occur.  
Secondary Consequences 
Detection 1 2 3 4 5 
1 0 0 6 0 3 
2 0 0 0 0 0 
3 0 0 0 0 0 
4 0 0 0 0 0 
5 0 0 10 0 0 
Figure 5.5 Example of matrix for detection versus secondary consequences 
Matrix J (Figure 5.5) shows error detection probability versus error consequence seriousness. 
If the majority of the numbers are found in the left side of the upper corner of the matrix, the 
error consequences are severe and the errors are very hard to detect. On the contrary, if 
numbers are found in the right lower corner of the matrix, the error consequences are not 
severe and error detection is probable. The matrix uses grey markings to make it easier to read 
and to show which errors are serious. 
Ergonomic error analysis  
The third and last part of the interaction analysis is ergonomic error analysis, which studies if 
the interaction will be performed in an ergonomically suitable way (both physical and 
cognitive). Ergonomics errors are analysed with the Predictive Ergonomic Error Analysis 
(PEEA) (Paper VI) method. PEEA is a method which investigates if a work task is performed 
in an ergonomically correct way and if the task can be performed incorrectly. The method is 
based on two well-known methods from the field of usability and human reliability: Cognitive 
Walkthrough (Lewis and Wharton, 1997) and Predictive Human Error Analysis (Embrey, 
1986). 
 
PEEA is applied on the operation level (level 1 according to ECW and PUEA) of the HTA 
and works with questions in two steps. First, the method examines if the actions will be 
performed in a correct ergonomic way, and secondly if the actions can also be performed in 
an incorrect ergonomic way. For each identified non-ergonomic action (ergonomic error) a 
further examination can be undertaken. 
 
Prediction of physical ergonomic problems and errors 
The first step for every operation in the HTA is to describe how it can be performed in a 
correct/good ergonomic way. The next step is to examine if the actions will be performed in a 
correct ergonomic way and if they can also be performed in an incorrect ergonomic way. This 
investigation is based on four questions (Table 5.12). The results are listed in a table. 
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Table 5.12 Identification questions for PEEA  
Problem identification Error identification 
Does the product give any information (cues) about 
how the action can be performed in an 
ergonomically correct way? 
Can the action be performed in a non-ergonomic 
way? How? 
Does the user know how the action can be 
performed in an ergonomically correct way? 
 
Will the user try to perform the action in an 
ergonomically correct way? 
 
 
Investigation of physical ergonomic errors 
Every identified non-ergonomic action (ergonomic error) is then further investigated using the 
following four questions (Table 5.13). The analysis of the consequences can be based on the 
expert knowledge of the analyst or on specific methods. For example, if the error relates to 
incorrect body posture it can be made through the use of RULA, or REBA analysis, or 
heuristics concerning the user’s anatomy, physiology, anthropometry and biomechanics. 
During the analysis templates are used, one for each operation (Appendix F). 
 
Table 5.13 Investigation questions for PEEA  
Error investigation 
Which are the possible causes of the action being performed in an ergonomically incorrect way? 
Which are the short-term consequences for the user? 
Which are the long-term consequences for the user? 
Is the product designed to prevent the ergonomic error? 
Question process in the interaction analysis 
To ensure efficiency in the interaction analysis a number of issues need to be observed and 
considered. A task can often be performed in several different ways to reach the goal 
described in the HTA with associated plans. When the interaction analysis is performed, only 
one of the correct ways in which a user can perform a task is considered. The chosen correct 
sequence matches the common or critical real use. 
 
Subtask
Task
Operation Operation
Subtask
Operation Operation
2. ECW
9. PUEA
1. ECW
18. PUEA
3. ECW
4. PUEA
5. PEEA
6. ECW
7. PUEA
8. PEEA
11. ECW
12. PUEA
13. PEEA
14. ECW
15. PUEA
16. PEEA
10. ECW
17. PUEA
 
Figure 5.6 Order in which to ask questions in ECW and PUEA respectively,  
in the interaction analysis 
 
The questions and the question process are most efficient if pursued in the following order. 
Start with ECW questions at the top of the HTA, and then use the ECW questions on the way 
down on the left. At the bottom of the HTA, use the PUEA questions at the Operations level 
and then the PEEA questions. Then work through the HTA from left to right. To sum up, 
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apply ECW questions on the way down of the HTA, PUEA questions on the way up the HTA 
and the PEEA questions last at the bottom. Figure 5.6 shows, with the numbers 1-18, the type 
and order of questions to use when predicting usability problems and use errors. 
 
In this way, the prediction and investigation of usability problems and use errors is conducted 
in parallel, i.e. a problem or an error is investigated more in-depth immediately after being 
predicted. The results of the investigation are then reported in tabular form. 
 
Finally, the same use error may be identified in several operations and functions, but it only 
needs to be documented once. There is no need for duplicates in the resulting list of use 
errors. 
Result compilation in interaction analysis 
The result of the interaction analysis is primarily a list in tabular form of the presumptive 
mismatches between human and machine in the form of usability problems, cognitive use 
errors and physical ergonomic errors. Matrices are then employed to present the semi-
quantitative results from the interaction analysis. The collected answers from the prediction 
and identification of errors and problems are arranged to emphasise different aspects of the 
analysis. The matrices can be combined in various ways, and the numbers in the matrix cells 
show the number of detected mismatches distributed according to the two types of data 
(Tables 5.4 and 5.11) that are compared.  
 
The results obtained from the interaction analysis can also be incorporated in risk analyses of 
the machine. The user errors can for instance be integrated in a risk analysis on a higher 
system level when the Fault Tree Analysis (FTA) and Event Tree Analysis (ETA) (Stricoff, 
1996) methods are used, or at a detailed machine level when the Failure Mode, Effects and 
Criticality Analysis (FMECA) method is used (Defence, 1980). 
Result reflection in interaction analysis 
Since ECW, PUEA and PEEA are all methods that analyse potential use errors and usability 
problems, the predicted problems and errors may not occur during a real use situation. The 
grading systems are also subjective judgments by the analyst(s). The detected potential 
problems and errors need to be reviewed and confirmed in interaction with real users before 
changes are made in the analysed user machine. 
 
One way of reviewing the results is to triangulate the analytical approach with usability 
evaluation methods such as Heuristic Evaluation (Nielsen and Mack, 1994) and Usability 
Testing (Nielsen, 1993). By using these methods, the relevance of potential usability problems 
and use errors found can be confirmed or dismissed. Another possibility is to let actual users 
in a focus group discussion (Cooper and Baber, 2005) decide whether the potential problems 
and errors are relevant or not. 
5.1.6 Methodology application 
The time and resources needed for the CCPE methodology are highly dependent on the 
selected tasks and the characteristics of the human-machine system being evaluated. 
Furthermore, if the system has a low degree of usability, i.e. several design flows, this affects 
the evaluation process. In addition, the more complex the human-machine system, the more 
effort is needed to perform the evaluation. Therefore it is difficult to say how much time 
should be spent on a specific analysis. A plain evaluation of a simple product may require a 
few hours of work while an extensive evaluation of a complex product in a complex system 
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may require a few days of work. When performing CCPE it is recommended to avoid sessions 
longer than two hours at a time to maintain the analysts’ attention, especially in interaction 
analysis. 
 
Time is also needed to learn and train in the use of CCPE methodology. If the analyst has 
prior basic knowledge in the area of human factors/ergonomics and has previously used 
evaluation methods to evaluate ergonomics or usability issues, the methodology is easy to 
adapt. However, as always when using a new method, some sessions are needed in order to 
become highly skilled in its application; consequently, a skilled analyst performs the 
evaluation routinely and thereby decreases the time required. Users who have basic 
knowledge in ergonomics and have performed evaluations before should be able to use the 
CPPE methodology after a one-day training course. To become a skilled moderator you have 
to perform at least two or three complete evaluations with the CPPE methodology to learn in 
practice how the various steps work together and how to adapt the methodology to a specific 
evaluation. 
 
For a participant who does not have a leading role in the analyst group, it is often enough to 
participate for a few hours in a session with a trained session leader in order to be able to 
contribute to the analysis. 
5.1.7 Staffing 
Evaluation using CCPE methodology can be conducted by a single human factors expert, or 
by a group of people that may consist of people with a variety of knowledge about the actual 
human-machine system; i.e. designers, software developers, marketing staff, human factors 
experts and real life users. 
 
The interaction analysis part can be performed by a single analyst but is best performed by a 
group of people, since it makes it possible to discuss presumptive user actions. If more than 
two persons are conducting the interaction analysis, a skilled moderator must be appointed to 
lead the evaluation. The role of the moderator is to keep up the pace, adapt the questions to 
the specific function/operation, and guide the discussion so it does not lose focus. The 
moderator should preferably be a person with knowledge of human factors. 
 
To use CCPE methodology efficiently the analysts need knowledge in cognitive and physical 
ergonomics. For example, to employ PUEA fully the users of the method require knowledge 
of the Skill-Rule-Knowledge model (Rasmussen, 1983) and the Generic Error Modelling 
System (Reason, 1990). This renders the methods more difficult to apply than other simple 
evaluation methods such as CW, but in general necessary knowledge in the field of cognition 
is always of benefit in the usability engineering process.  
 
No method or methodology can ever fully replace knowledge, and knowledge is required to 
use the results from the CCPE methodology since it focuses on details more than on the 
comprehensive view. Therefore, CCPE methodology cannot replace knowledge and 
experience of the area of human factors/ergonomics. Knowledge about cognition and human 
error is also needed in order to design usable machines so the entire development process is 
not based on “trial and error”. Interaction analysis shows chiefly what is inadequate (usability 
problems and use errors) and what the causes are, not really how to improve the design. 
Hence, practical experience and theoretical knowledge about user interface design, or 
knowledge about the human information processes, is essential throughout a usability 
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engineering process – which means that it is unnecessary to design a methodology for users 
who lack this knowledge.  
 
Thus, the expected users of CCPE methodology are basically engineers with fundamental 
knowledge of cognition, cognitive ergonomics, physical ergonomics and interface design. 
However, there is nothing to indicate that the methods cannot be employed by other 
professional groups working with human-machine interaction, such as industrial designers, 
psychologists or physiotherapists. A discussion of the problems and possibilities associated 
with using methods in the area of human factors engineering in industry is presented in 
Andersson et al. (2011).  
5.1.8 Adaptation of the CCPE Methodology 
The CCPE methodology should not be regarded as a rigid framework but rather as a structure 
that needs to be adapted to each context for analysis. The methodology may be adapted to 
each application individually, but often it is recommended to standardise the methodology 
within a company or organisation. This makes it possible to compare different analyses with 
each other. 
System description 
Knowledge of the users as well as the tasks is fundamental in all human factors engineering 
work regardless of method or methodology. In the described methodology it is essential to 
select an appropriate user on whom to base the analysis. A single profile or multiple profiles 
can be used. CCPE methodology does not provide support in selecting user profiles, but it is 
necessary to be aware that the selection of appropriate user profiles will significantly affect 
the analytical result of the methodology. However, when a user profile is created, it only 
needs to contain aspects that are relevant for the intended use. It is important not to add too 
many aspects that make the profile more difficult to manage. 
 
Other aspects that must be weighed in when describing the presumptive user include whether 
he/she is an expert or novice as regards handling the equipment and solving the task. For 
medical equipment, this is often a question of whether the user is a medical staffer 
(professionally trained) or the actual patient (layman). Since much equipment is developed for 
and sold on a global market, cultural differences must also be taken into account. Moreover, it 
is of interest to investigate the user’s level of expertise, since this can influence his/her 
perception of information and the workload experienced (cf. Thunberg, 2006). However, no 
general way in which the user should be described through categorisation of relevant aspects, 
such as novice vs. expert, has yet been developed for ECW and PUEA. This is an area for 
further work. 
 
Another analysis stage that the CCPE methodology does not support is the selection and 
grading of tasks. Here the analyst(s) has to use other methods in the area of 
ergonomics/human factors; i.e. interviewing the user and observing use are essential tools. It 
is important for some of the analysts who are going to do the interaction analysis to be present 
when the system description is created, in order to lodge it securely in their memory and not 
only documented on paper. 
 
Input data from the artefact and context are also needed. The artefact is describable with 
visual aids, such as pictures of the graphic user interface and flow schemes for the logic. In 
addition, the methods for task analysis – HTA, LA and UTP – can describe the artefact’s 
relation to the task. As for describing the context, no method for this has been employed in 
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connection with ECW and PUEA. It is of interest to map the physical, social and 
organisational contexts that can influence the users’ performance of the task. One area for 
further work is thus to investigate whether any suitable method of the kind exists, or to 
develop a method with the purpose of describing input data from the context to ECW and 
PUEA. 
Workload analysis 
In the workload analysis it is important to select which aspects to focus on. The GTS suggests 
a number of aspects but the analysts have to add or remove aspects to suit the evaluation. For 
example, if the evaluation focus is on cognitive ergonomics, some of the physical ergonomics 
aspects may be removed. The GTS includes a scale of three steps, but this may be altered to 
better fit the specific analysis. 
Interaction analysis 
The interaction analysis also needs to be modified to work properly. The questions in the 
question process are written in a general way, but when they are asked in the interaction 
analysis they need to be worded more specifically. The example of a light switch is used to 
illustrate this point (Table 5.14 and 5.15). The task is to light up a room and this is done with 
three switches. 
 
Table 5.14 Rephrasing questions level 1: Analysis of tasks/functions 
 Generic questions Rephrased questions 
1 Will the user know that the evaluated 
function is available? 
Will the user know that it is possible to light 
up the room? 
2 Will the user be able to notice that the 
function is available? 
Will the user be able to notice that the room 
can be lit up? 
3 Will the user associate the clues with the 
function? 
Will the user associate the clues (e.g. lamps 
in the ceiling) with lighting up the room? 
4 Will the user get sufficient feedback when 
using the function? 
Will the user get feedback during the 
lighting process to understand that the 
lighting process is going on? 
5 Will the user get sufficient feedback to 
understand that the function has been fully 
performed? 
Will the user get feedback when the whole 
room is lit up?  
 
Table 5.15 Rephrasing questions level 2: Analysis of operations 
 Generic questions Rephrased questions 
1 Will the user try to achieve the right goals of 
the operation? 
Will the user try to light the first lamp? 
2 Will the user be able to notice that the action 
relating to the operation is available? 
Will the user be able to see the switch for the 
first lamp? 
3 Will the user associate the action relating to 
the operation with the right goal of the 
operation? 
Will the user understand which switch to 
press to light the lamp? 
4 Will the user be able to perform the correct 
action? 
Will the user be able to press the switch? 
5 Will the user get sufficient feedback to 
understand that the action has been 
performed and the goal has been achieved?  
Will the user get feedback to understand the 
switch has been pressed and the lamp is lit? 
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Interaction analysis often uses a five-step scale which may need to be modified. One example 
is the grading of secondary consequences. If the machine does not have an obvious potential 
to harm the user, the highest grade should not be “Death, loss of function or permanent 
impairment or damage to body structure”. In this case the categories need to be rewritten. The 
usability problem types also need to be adapted to specific evaluation situations. 
 
It can sometimes be hard in the interaction analysis to trace a use error or usability problem to 
a specific function or operation. But it is not so important that the problems/errors are 
assigned precisely, the important thing is rather that the problem/error is documented for 
further analysis and counter-measures. 
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5.2 Development 
The section tells the story about the development of CCPE and its methods. 
5.2.1 Choice of approach 
The methodology and its practices were developed in the course of a number of projects 
which are presented in chapter 5.3. The reason why the method was even developed in the 
first place was because the methods used initially in the projects were not seen as good 
enough, or because there was a lack of methods for what had to be evaluated. In recent times, 
the need for a coherent methodology has driven the method development even further. The 
actual development can be described by the spiral process described in Chapter 3 (Figure 3.1). 
Spiral processes have been governed partly by the established theory and requirements 
(chapter 4) concerning the methods, and partly by the deficiencies found in the methods. 
Often the requirements and the deficiencies emerge simultaneously. The deficiencies are 
described thoroughly in the appendices, papers I, II and IV, but a summary of these is given 
below. 
 
The main source of the deficiencies in existing methods as well as methods during 
development has been the results from other Human Factors Engineering methods – such as 
Heuristic Evaluation, Usability Tests, and interviews with and observations of users, but also 
from expert evaluations. Together with methods used during development these methods have 
been employed in different development project and by comparing the usability problems and 
use errors detected by other methods. Comparisons between what the methods detected and 
what they ought to detect, i.e. weaknesses in the methods during development, alternative 
methods could be identified. 
 
On the basis of the detected weaknesses and deficiencies, the methods were supplemented so 
they can cover more usability problems, use errors and ergonomic errors and also make it 
possible to investigate the problems and errors more thoroughly. The starting point for the 
changes in the methods was the existing methods and theory in the area of Human Factors 
Engineering.  
 
The working approach for creating proposals of improvement has been a “trial-and-error” 
process where various suggestions have been proposed, tested and then accepted or rejected. 
In this way the methods have been modified to better meet the requirements and resolve the 
deficiencies.  
5.2.2 Development of Enhanced Cognitive Walkthrough 
The foundation of the methodology is set by the Enhanced Cognitive Walkthrough method, 
whose development took place during the author’s master thesis (Bligård and Wass, 2002). In 
that project there was a need for an analytical usability-evaluation method that delivers 
qualitative data. The choice was the existing Cognitive Walkthrough (CW) (Wharton et al., 
1994, Lewis and Wharton, 1997) method. It derives from evaluations of simple technical 
systems, called walk-up-and-use systems. Moreover, the method is question-based. CW has 
also been used by many researchers in evaluation of medical equipment (Kushniruk et al., 
1996, Kaufman et al., 2003, Horsky et al., 2003). Within the research group to which the 
author belongs, there is experience of its use both in research projects (Liljegren and 
Osvalder, 2004, Liu et al., 2005) and in degree work (Axelsson, 2002).  
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During the author’s use of CW, a number of weaknesses in the method were identified. The 
main source of the deficiencies in CW was the results from experience of using the method in 
different development projects and by comparing the usability problems detected by other 
methods with those detected by CW. These are fully reported in Paper I. Here follows a brief 
compilation of the most important shortcomings.  
 CW has a deficient high-level perspective in the evaluation of user interfaces, which 
was manifested thus 
o CW does not answer whether the user knew that the function concerned 
was available 
o CW does not answer whether the interface provided hints that enabled the 
user to discover more easily that the function was available 
 The explanations for success or failure yield insufficient information about the 
difference in problem severity between distinct operations 
 It is difficult to obtain an overview of the results, both within an interface and between 
different interfaces 
 
This is also shown by the author’s own experience from practical application of CW, because 
CW does not discover any use errors during usage, whereas outside the method usage the 
author discovered the possibility of the user making errors. Hence, in order to answer these 
questions, some other method than CW is needed on which to base the method development. 
The modification of Cognitive Walkthrough that has been performed according to the spiral 
process, Figure 3.3, and the focus of the improvements related to the question process and 
semi-quantitative data.  
 
An example of the development process is how the matrices develop. In methods under 
development (ECW) indexing had been introduced to make them more semi-quantitative. 
Different indexes were needed to enable a better overview of the results. For ECW it was 
especially essential to be able to compare the severity of a detected usability problem with the 
importance of the function affected by the problem. It is obviously more urgent to solve a 
usability problem if it exists in a vital function of medical equipment than if it occurs in a less 
important function. 
 
The first proposal was to multiply the severity of the problem (graded 1-5) by the importance 
of the function (also graded 1-5) and thus obtain a numerical measure of how critical it was to 
deal with each individual usability problem. This proposal was rejected because it meant that 
a less severe problem in an important function would appear as critical as a severe problem in 
a less important function, and no such symmetry was felt to exist. Instead, it was decided to 
use a matrix with problem severity on one axis and function importance on the other. Each 
combination could then be judged separately as to whether it needed rectification or not. The 
introduction of matrixes also enabled the results of the analysis to be easily overviewed. 
 
The refinement resulted in three supplements to Cognitive Walkthrough: 
  
1. Division into two question levels, allowing investigation not only of operations but 
also of tasks/functions. 
2. Introduction of indexes: a grading of tasks and of failure/success stories, and 
categorisation into problem types 
3. Presentation of results in the form of matrices for easier overview of the results 
The further development of CW was called Enhanced Cognitive Walkthrough (ECW). 
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Although the main part of the development of ECW occurred in 2002, minor adjustments 
have been made over the years. The last change took place in autumn 2011, when a question 
was added to the query process in spring 2012 when analysis questions were updated to work 
better. The question which was added related to whether the user was able to perform the 
action (question 5 operation). There may be situations in the interaction when the user knows 
what to do but cannot perform the action, which came to light when ECW was used to 
evaluate kitesurfing (Appendix E). The questions showed all Yes (5), but both the evaluators 
felt that beginners would not be able to perform the task, which made it necessary to modify 
the method. A question related to affordance was therefore needed. 
 
The last change to the method was made during the writing of this thesis as the questions on 
both levels went through a review process to make them clearer and easier to use. ECW was 
originally developed to evaluate user interfaces for medical devices but has also been 
successfully used to evaluate artefact s without a traditional user interface like stable 
equipment and kite-surfing gear. The questions therefore needed to be more general in order 
to simplify for the person performing the evaluation (while at the same time retaining the 
meaning of each question). 
5.2.3 Development of Predictive Use Error Analysis 
The next method development was performed when the author worked at Breas Medical AB; 
part of the work involved carrying out a risk assessment of use. It concerned examining the 
operational errors that may occur with the machine that was under development, for the 
purpose of taking subsequent action and increasing safety. 
 
The first idea was to use ECW, but that did not work as one limitation of CW is that the 
method focuses on the correct sequence of actions in the interaction, i.e. on those actions 
which are the correct ones for reaching the goal. CW does not take account of when and how 
in the interaction a user commits errors, and how these errors can be counteracted. The 
originators of CW (Lewis and Wharton, 1997) also write that “the CW makes no attempt to 
say what the users will do if and when they depart from the correct sequence.” 
 
Furthermore, CW does not address how a user is to recover from a committed error, i.e. 
whether it is easy or difficult for a user to find a way back to the correct sequence of action 
(Blandford et al., 2004). Many researchers have pointed out that CW is poor at analysing 
errors in the interaction (Green et al., 2000, Kaufman et al., 2003, Blandford et al., 2004).  
 
A decision was instead taken to use the Predictive Human Error Analysis (PHEA) (Embrey, 
2004) method. This method belongs to a group of three rather similar methods: Action Error 
Analysis (AEA) (Taylor, 1979, Harms-Ringdahl, 2001), Systematic Human Error Reduction 
and Prediction Approach (SHERPA) (Embrey, 1986), and Predictive Human Error Analysis 
(PHEA). These methods originate from evaluations of complex systems, primarily control 
rooms in nuclear energy plants and the process industry. However, AEA, SHERPA and 
PHEA are so similar that they will be regarded hereafter in the thesis as a general method. 
AEA, SHERPA and PHEA investigate what errors a user can commit in the interaction, and 
what consequences these errors may have. AEA is an often-employed method for risk 
analysis in the process industry (Suokas and Pyy, 1988). SHERPA has also been applied in 
medical care to investigate medication errors (Lane et al., 2006).  
 
Parallel with this was a need in the course of the author’s academic work. During a project 
concerning comparison of different types of pulsoximetry sensors (Moric et al., 2004), as well 
  - 82 - 
as in master thesis work regarding an operation robot (Nilsson and Åhman, 2005) the aims 
and requirements for a method to predict usability problems and use errors began to emerge. 
In work on the robot, in particular, there was a need to investigate both what made the user act 
correctly and what made the user act incorrectly. The Action Error Analysis (AEA) method 
 
 
During the author’s use of AEA and PHEA, several inherent weaknesses were revealed. 
These are fully reported in Paper II. A brief compilation of the most important weaknesses is 
given below. 
  
 Deficient connection to cognitive theory in order to explain the occurrence of errors 
 Deficient high-level perspective in the analysis, as the methods focus chiefly on 
individual operations 
 Difficulty in obtaining an overview of the results 
 
The modifications were also made by the cyclic process and influenced by the earlier 
developed ECW. The refinement led to AEA, SHERPA and PHEA being combined as a joint 
method and to three supplements. In addition, the various investigation points that exist for 
detecting use errors were modified. The supplements are: 
 
1. Application of the Generic Error Modelling System (Reason, 1990) to describe 
detected errors 
2. Division into two question levels, allowing investigation not only of operations but 
also of tasks/functions. This division is the same as in ECW 
3. Presentation of results in the form of matrices for easier overview of the results 
 
The further development of PHEA was called Predictive Use Error Analysis (PUEA). As 
ECW was already developed with a structured surrounding framework, PUEA was developed 
with a similar framework as it was the same type of information that was needed for the 
method to be able to be conducted. PUEA has not undergone any major changes since its first 
version. 
5.2.4 Combining ECW and PUEA 
Already during the development of PUEA the idea of being able to combine ECW and PUEA 
methods was born (hence their shared structure). The reason for this was to obtain a more 
comprehensive analysis of the interaction. PHEA had also already been used with ECW in a 
number of studies (Pettersson and Osvalder, 2005, Henriksson and Strängberg, 2007). By 
combining ECW and PUEA four interesting questions could be considered: 
 
1. Will the user act correctly? 
2. Why does the user act correctly? 
3. Which errors can the user commit? 
4. Why does the user act incorrectly? 
 
When combining ECW and PUEA a method emerges to cover all the four requirement 
questions. Since CW has the potential to answer questions 1 and 2, while AEA, SHERPA and 
PHEA have the potential to answer questions 3 and 4, a combination of the two will cover all 
the questions. The methods also fulfil the requirements of being formative, analytical, 
proactive and question-based. Their combination was thus seen as sufficiently satisfying the 
above-described requirements to be selected as a basis for the method development. Table 
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5.16 shows the joint fulfilment of requirements for the combination of CW and AEA, 
SHERPA and PHEA. However, the combination does not completely cover the requirements 
to do so; method development is needed regarding question-based analysis and semi-
quantitative data. 
  
Table 5.16 Joint fulfilment of main requirements 
Requirement questions Joint ECW PUEA CW AEA SHER
PA 
PHEA 
1. Will the user act correctly? Yes Yes No Yes No No No 
2. Why does the user act correctly? Yes Yes No Yes No No No
3. Which errors can the user commit? Yes No Yes No Yes Yes Yes 
4. Why does the user act incorrectly? Partly No Yes No Partly Partly Partly 
Properties        
Question-based Partly Yes Partly Yes Yes No No 
Qualitative data out Yes Yes Yes Yes Yes Yes Yes 
Semi-quantitative data out Partly Partly Partly No No Yes Yes 
 
It should be noted that the choice of CW and AEA, SHERPA and PHEA does not imply any 
claim to be an optimal match. The project in the course of which method development took 
place aimed to improve the user interfaces of different devices, not to improve the methods. 
Instead, the choice of methods has been based on established requirements and well-known 
methods that were regarded as suitable for usability analysis in the projects, i.e. the methods 
are sufficient for the projects’ requirements. Among the methods AEA, SHERPA and PHEA, 
the last method became the most frequently used of these three.  
 
As ECW and PUEA were developed along the same structural framework, there was no 
problem to merge them into a common methodology (Paper IV). The big benefit is being able 
to examine whether the user is performing correctly and incorrectly at the same time. 
Common templates were developed for ECW and PUEA (Appendix F) and this idea has also 
received feedback connected to the original methods in the other direction. Analysts are now 
taught to use CW and PHEA at the same time to get a more comprehensive analysis. 
5.2.5 Development of Alarm-ECW
A spinoff from ECW was the variant with alarm-ECW. It was developed when an analysis 
tool for alarm messages was needed. The need existed in a project where alarm signals from a 
dialysis machine were evaluated. The regular ECW worked well enough but there was scope 
for improvement. The difference compared with before was that during the alarm and 
information signals it was the machine that initiated the interaction, and not the human, so a 
different set of questions was required. 
 
The idea was that, instead of building up questions on operating level along explorative 
learning, the theory was based on alarm design and guidelines from alarm signals were used 
as a template. The guidelines for alarm design were NUREG-0700 Chapter 4 (NRC, 2004), 
IEC-62241 (IEC, 2004b), Bransby and Jenkinson (1998) and EEMUA 191 (1999) where the 
emphasis was on EEMUA which has presented important characteristics for an individual 
alarm as: 
 
 Timely – in the right time 
 Relevant – to the operators 
 Unique – not be a duplicate of another alarm 
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 Prioritised – help the operators focus their attention 
 Understandable – speak the operator’s language 
 Diagnostic and advisory – indicate what has happened and what action the operator 
has to take 
 Manageable – not too many alarms 
Using Seven Stages of Action (Norman, 2002) a description was developed regarding how an 
operator handles an alarm and for every step a question was formulated similar to Enhanced 
Cognitive Walkthrough, table 5.17. The result became a method for alarm evaluation, Alarm 
Enhanced Cognitive Walkthrough. 
 
Table 5.17 Operator step and questions Alarm-ECW 
 Operator step Question Alarm-ECW 
1 Detect the alarm Will the operator be able to detect that there is an alarm 
condition? 
2 Determine the seriousness of the 
alarm 
Will the operator understand the seriousness of the 
alarm? 
3 Identify the alarm Will the operator be able to identify the alarm?
 
4 Interpret the origin of the alarm Will the operator be able to interpret the alarm? 
 
5 Attend to the alarm Will the operator associate the correct measure/action 
with the alarm? 
6 Evaluate the measure Will the operator get sufficient feedback to understand 
that the alarm has been attended to correctly? 
5.2.6 Development of Predictive Ergonomic Error Analysis
Previous method development has occurred within the area of cognitive ergonomics, but in a 
project where the physical ergonomics of a dialysis machine was evaluated the focus was 
instead moved to the physical aspects. The evaluation was done by classical methods such as 
RULA and REBA. One aspect that was interesting to explore, but that is not covered by these 
methods, was how the user will perform an action, not only can perform it. Although it is 
possible to perform the action in a good ergonomic way, the user does not have to do it that 
specific way. Thus, a user can perform an action in the right way in relation to the machine, 
but the action can be performed in a manner that is harmful to the user physically or mentally. 
 
One idea was therefore to create a method that examines whether the user will perform the 
action in an ergonomically correct way and what ergonomic errors the user might make. The 
meaning of ergonomic errors initially only concerned the physical part, but that came to be 
expanded to also encompass the mental part. This was done so as to make the CCPE 
methodology more consistent and to adapt PEEA to the agreed definition of ergonomic error. 
 
The method emerged from the joint ECW/PUEA evaluation and the original CW and PHEA 
methods, modified to instead analyse how users use their body to interact with a machine. The 
method examines the following questions: 
 
 Will the task be performed in an ergonomic way? 
Why? / Why not? 
 Can the task be performed in a non-ergonomic way? 
What will the consequences be? 
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The method was named PEEA - Predictive Errors Ergonomic Analysis. The analysis is done 
with the assumption that the user performs the action correctly on the machine. PEEA and 
ECW / PUEA thus cover different aspects of the interaction. 
5.2.7 Development of Generic Task Specification 
ECW and PUEA investigate what goes right and wrong in the interaction. When these 
methods were used to evaluate the dialysis machine under development a need arose to better 
map the workload on the user, to use it both as a basis for ECW/PUEA and as an independent 
analysis to evaluate that specific aspect of the interaction. The first drafts of GTS were 
already in existence during the process of developing PUEA, but it was not then seen as a 
separate method, more as a step towards preparing to describe the task. 
  
There are already many methods used for assessing workloads, from dedicated expert 
evaluations to structured methods like SWAT (Wilson and Corlett, 1995), NASA-TLX (Hart 
and Staveland, 1988) for mental workload and RULA (McAtamney and Corlett, 1993), 
REBA (Hignett and McAtamney, 2000) for physical workload. What was needed in the 
dialysis machine project was a generic way to report results. As a result of this approach 
physical and mental workload could be accounted for and it would be possible to make 
comparisons between analysed machines. 
 
The Generic Task Specification method, GTS, was designed by categories taken from SWAT 
and NASA-TLX, supplemented with more physical aspects and breakdown of the body using 
a body map. For each category there is a grading scale. GTS was further adapted to easily 
work with ECW, PUEA and PEEA. 
5.2.8 Further development of the methodology 
In connection with GTS it emerged that a number of methods could be used together. These 
methods relied in turn on other methods such as User Profile and HTA. Furthermore, the 
methods used could vary depending on the purpose of the evaluation and likewise the 
contents of the method could be adapted in the same way. A system of methods had thus 
emerged, a methodology. The methodology was named Combined Cognitive and Physical 
Evaluation - CCPE. The development of CCPE was hence not the result of a conscious effort, 
more a result of how the different methods had been developed in proximity to each other and 
the way they worked together. The individual methods grew to become a more systematic and 
structured way to study the interactions between humans and machines with the aim of 
detecting possible mismatches between them in the interaction. 
 
1. Definition of evaluation 
2.Human-machine system description 
a. User profiling b. Task analysis c. Context description d. Interaction description 
3. Work load analysis (by GTS) 
a. Task demands b. Automation levels c. Mental workload d. Physical workload 
4. Interaction analysis 
a. Usability problem 
analysis  
(by ECW and alarm-
ECW) 
b. Use error analysis 
(by PUEA) 
c. Ergonomics error 
analysis 
(By PEEA) 
d. Physical ergonomics 
analysis 
(By REBA or RULA for 
instance) 
Figure 5.7 Procedure for CCPE methodology, which added in physical ergonomic evaluation 
 
One part of the interplay between human and machine that is not accounted for is an analysis 
of whether, from the machine viewpoint, the correct way to work is harmful to humans in the 
short or long term. There are three reasons for this not being done: (1) There are already many 
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good methods in the field, (2) it is a complex area, and (3) none of the projects studied needed 
new methods. However, it is no problem to combine CCPE methodology with methods that 
examine parameters such as the physical ergonomics of a task. They can be added as part of 
the interaction analysis that specifically deals with the physical ergonomics in the same way 
as the other parts, see Part 4.d in Figure 5.7. 
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5.3 Use 
CCPE methodology and its methods have been used in numerous projects. What is presented 
here is details of its use by the author. The presentation spotlights methods as well as 
combinations of methods, first with ECW and then with CCPE. 
5.3.1 Use of ECW 
Enhanced Cognitive Walkthrough has been used as a single method in a number of projects. 
Master thesis: Home care ventilator 
(Author analyst) 
The ECW method were first used in a master thesis work in the field of human factors 
engineering (Bligård and Wass, 2002, Paper IX) in which the first version was developed. The 
goal of the work was to evaluate and redesign a family of user interfaces for home-care 
ventilators. In the work there was a need for an analytical method to evaluate existing 
interfaces; thus it was not possible to perform an exhaustive usability test of all 
functionalities. Cognitive Walkthrough (CW) was selected as the method for grouping the 
usability problems. After the redesign, the CW method was employed to evaluate the new 
user interfaces to make it possible to compare usability problems. In the work, heuristic 
evaluation and usability testing were also employed. However, problems were found with the 
CW method. Therefore a method development was undertaken which resulted in the 
Enhanced Cognitive Walkthrough (ECW) method. During the process of developing ECW, 
thoughts about and increased interest in the requirements of methods in real product 
development emerged. 
Research project: Insulin pumps 
(Author analyst) 
The first use of ECW in a research project was a project on insulin pumps (Paper 1 and Paper 
XI). The project evaluated the user interface for two existing insulin pumps with ECW to list 
problems connected to user friendliness. ECW was described thus: "This method is more 
resource demanding than the heuristic evaluation, but it does, however, more specifically 
show the problems that can arise during use”(Bligård et al., 2003a).  
Master thesis: Infusion pumps 
(Author supervisor) 
The first time ECW was used by other persons than the author was in a thesis project about 
infusion pumps (Gross and Foufas, 2003, Paper X). Redesign of the user interface for the 
volumetric infusion pump IVAC 591. Enhanced Cognitive Walkthrough was used and 
revealed many of the usability problems with the user interface. They wrote (Gross and 
Foufas, 2003, p 63): “In this thesis the ECW was performed on all HTA data for six different 
devices. If another attempt to apply the HFEP2 were to happen again, the input to the ECW 
would be narrowed down, focusing on just a few of the devices and the important functions. 
Before performing the ECW it is recommended that the four questions are carefully 
interpreted. Interpretation of the questions is of crucial importance for problem detection and 
since the process is very demanding it is important to think over the purpose of the ECW and 
adjust the interpretation to fit the device in question. The ECW was the single most important 
source for the design criteria and was considered to be one of the best tools in the HFEP for 
                                                 
 
2 Author note: Human Factors Engineering Process. 
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detecting problems in an existing UI. ECW improved handling of the problems detected by the 
classical CW. The grading of problem seriousness not only highlights the most serious 
problems, it also encourages the inclusion of less serious problems in the list. According to 
the author’s own experience, the benefit of considering less serious problems is that users 
tend to be more capable of making mistakes and mixing up functions than expected, so the 
less serious problems need to be considered too.” 
Research project: Children’s car safety seats 
(Author not analyst) 
The first use of ECW in a research project without the author's involvement dealt with car 
safety seats for children. The purpose of this study was to examine ergonomic aspects of 
forward-facing child car seats, considering the child's seating comfort as well as the usability 
of the seat for different user groups (Pettersson and Osvalder, 2005). ECW was used to 
investigate user problems in the interaction between parent and car safety seat and it resulted 
in a number of design aspects being recommended for improvement. 
Master thesis: Nuclear power plant control room 
(Author not supervisor) 
The next thesis project to use ECW dealt with control rooms. ECW were used for analysis in 
one of the control rooms of a nuclear power plant (Oxstrand, 2006), more precisely to 
investigate what factors in the user interface needed to be examined. The following was 
written about ECW (Oxstrand, 2006, p 50): “ECW was conducted after an HTA was carried 
out, in other words early on in the study. After this was done, it was uncertain whether the 
result of ECW would help carry the study forward as it focuses considerably on the user 
interface graphics. This is usually not a bad thing but this study focused on the entire control 
room as an interface and not only the physical control units. In other words, it was uncertain 
whether ECW was really suited for the study purpose as it only analysed a small part of what 
was of interest to study. The reason that the method was implemented in spite of this was to 
analyse the interface to see what it contributed in terms of risk of human error. When the 
results of all the methods were compared and analysed, it was immediately obvious that ECW 
had a given place in the study. Results from ECW confirmed and strengthened the results 
from all the other analysis methods.” 
Master thesis: Carton bale machine 
(Author supervisor) 
ECW was also used as a method in a thesis project regarding a carton bale machine. The 
purpose of this thesis was to conduct an examination of the user friendliness of the machines 
in the Orwak 3000 series with the aim of generating improvement proposals for the machines’ 
user friendliness (Henriksson and Strängberg, 2007). ECW was used to evaluate the existing 
user interface. The following was written about ECW (Henriksson and Strängberg, 2007, p 
104): “The interaction analysis added understanding of the usability problems that the 
machine interface had and the errors that could arise from these areas. ECW was a time-
consuming method, but it was helpful since it made the authors carefully analyse each step of 
the tasks identified in the HTA. The results from ECWs clearly showed the steps in which the 
users encountered difficulties." 
Master thesis: Combat vehicle 90 
(Author not supervisor) 
ECW has also been used singly to evaluate vehicles. This thesis work aimed to analyse the 
user interface in an existing infantry fighting vehicle and then propose possible 
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improvements, and this was done using ECW (Ellingsen and Lundmark, 2009). The following 
was written about the method (Ellingsen and Lundmark, 2009, p 83): The ECW was done with 
haptics in mind, since the commanders rarely look at the panels they are using. “This was a 
new way of using this method for the authors, but the method worked very well for this kind of 
evaluation. The source of error in this test was the fact that it was carried out by the authors 
alone, with the HTA as a guide for the procedures. It would probably produce more correct 
results if the walkthrough was done in cooperation with a commander. The ECW could also 
have been performed on several commanders to get an average result.” 
Master thesis: Movable incontinence inserts 
(Author not supervisor) 
In this master thesis the ECW was used to identify and evaluate flaws in prototypes of movable 
incontinence inserts. The aim was to define needs and indications as to which concepts should be 
developed further and where efforts should be focused in order to improve the concepts (Nilsson 
and Oredsson, 2010). The ECW analysis was also performed to find out if there was a need for 
more guidance for use. The result of the ECW showed a difference between the concepts that was 
useable in the development process and also underscored a greater need for guiding instructions.  
5.3.2 Use of PUEA 
Predictive User Error Analysis has been used as a stand-alone method in a number of projects. 
Industry project: Home care ventilator  
(Author analyst) 
The first use of PUEA was in a project where the method was developed, when there was a 
need to perform a risk analysis of use of home-care ventilators at Breas Medical AB (Bligård, 
2003, Bligård, 2004). The risk analysis was performed by a team. The team mainly consisted 
of a usability engineer (the author), a product manager, a clinical expert, and a person from 
the regulatory/quality department. The work started by applying AEA, but the result was not 
satisfactory. After that, PHEA was tried with the same result. The problems that emerged 
were the same as the problems found earlier when using the CW method. This resulted in a 
new method being developed with PHEA as the base. The new method was later named 
Predictive Use Error Analysis (PUEA). PUEA was subsequently used to evaluate the new 
home-care ventilators under development. The method was modified several times during this 
phase and the modifications mostly centred on which categories would be involved and in 
what order they would be. The method provided a systematic review of all possible human 
errors with the machine and showed the user-related risks that existed. These results were then 
used in the overall risk analysis to assess whether the machines were safe enough, or if design 
changes were needed. 
Master thesis: Insulin pumps 
(Author supervisor) 
The first time PUEA was used by someone other than the author was in a thesis regarding 
insulin pumps. The goal of the project was to develop two models for the future of an insulin 
pump with integrated continuous glucose monitoring that was user friendly, has an attractive 
design and helps users feel healthy (Dahlén and Ullström, 2006). PUEA, then called EPHEA 
(Enhanced Predictive Human Error Analysis) evaluated the simple task of changing the 
insulin ampoule in an insulin pump. They wrote about the method (Dahlén and Ullström, 
2006, p 34): “The EPHEA method was used to control the errors that can be made. The 
method turned out to be a good method for detecting errors and as a result the project gained 
an overview of whether the disposition and design worked together with the interface. EPHEA 
had never previously been used by anyone in the group but it was a very effective method to 
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use to detect use errors early in the product development. Unfortunately, this method is 
misleading to the extent that the project group itself tried to figure out which situations could 
cause problems with the insulin pump and remote control. For the method to cover all the 
problems it should have involved an insulin pump user since the project group did not have a 
good understanding of the types of errors that can occur.” 
5.3.3 Use of ECW and PUEA 
Enhanced Cognitive Walkthrough and Predictive User Error Analysis have been used together 
in several projects. 
Research project: Anaesthesia machine 
(Author partially analyst) 
This project evaluates an anaesthesia machine for Maquet that was in the final stages of 
development. ECW and PUEA were used as risk analysis for use in order to investigate 
whether there were hazards during use and how the design of the machine affected this. The 
author participated initially during the analysis phase in order to teach the company, after 
which the company did most of the analysis itself. The company's thoughts about the methods 
can be found in Paper V. 
Research project: Kitesurfing 
(Author analyst) 
The aim of this study was to investigate how the design of kitesurfing equipment can affect 
safety issues from a usability perspective (Paper XVI). A focus group of six subjects analysed 
the task of preparing kitesurfing equipment for use, employing the Enhanced Cognitive 
Walkthrough (ECW) and Predictive Use Error Analysis (PUEA) evaluation methods. From 
the evaluation, a list of plausible usability problems was identified together with proposed 
design guidelines. The following was written about the methods (Lundgren et al., 2011, p 5): 
“The main procedure with a focus group performing ECW and PUEA was appropriate for 
this study and resulted in useful guidelines to improve usability aspects in the design.”  
Research project: Emergency patient stretcher 
(Author analyst) 
This project evaluates an emergency patient stretcher using ECW and PUEA (Lundgren, 
2010). The purpose of the analysis is to identify potential improvements to make the product 
easier and safer to use. The analysis was performed by a group of four people where two were 
users of the stretcher and two were experienced users of the method. The two users were 
initially sceptical about the ECW / PUEA thought process, i.e. to actively look for problems 
and errors, but they quickly changed their minds when they realised that the methods 
highlighted the problems and errors and thus showed what could be improved. 
 
The analysis resulted in seven points for the improvement of 66 identified more or less serious 
user problems and risks for handling errors. These were then presented to the manufacturer of 
the stretcher. The manufacturer's reaction to the material presented was that this type of data 
was very valuable for further product development and the results confirmed some of the 
development possibilities that the manufacturer itself had identified. 
 
This evaluation was ideal for ECW/PUEA because it was conducted on a medical product, 
users of patient stretchers could attend the performance, and the evaluation was led by 
experienced method users. The two methods users were surprised at how many unfamiliar 
problems and errors could be found with the methods by critically reviewing the product. In 
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this case, it was also a product that has many different users, often in critical and time-
pressured situations and therefore places high demands on understanding and ease of use. 
Research project: Public transport website 
(Author not analyst) 
This study evaluated a public transport website to investigate usability problems and use 
errors with the help of ECW and PUEA (Moradi and Pour, 2011). The study shows of 
numerous problems and errors that may set the foundation for a redesign of the webpage.  
 
The following was written about the methods by Moradi and Pour: “The outcomes of the 
methods offer extensive details about usability problems, such as problem seriousness ... and 
use error, such as error type ...” and “One of the main advantages of ECW and PUEA over 
their predecessors relates to result presentation facilities, whereby the results of the analysis 
phase are presented in several matrices in ECW and PUEA. The matrix form of results makes 
it possible to compare different tasks or interfaces in the same field, overview the general 
situation of the interface and review problematic tasks.” And “The outcomes of matrices can 
form suggestions for website design improvements.” 
 
The authors acknowledge that the two level analyses increase the generality of the evaluation. 
About the drawbacks of ECW and PUEA the authors write: “Application of evaluation 
methods in this study confirmed that limitations such as tediousness, complexity, being 
subjective and time-demanding still exist.” “Moreover, consequence severity grading for the 
PUEA method must be attuned for better conformation with a human–computer interaction 
system.” 
 
The authors also miss a guideline for how to report the qualitative aspect of the errors and 
problems and they feel that ECW and PUEA need further development to work better with 
web pages. They conclude: “All in all, the utilisation of ECW and PUEA methods in a Human 
Computer Interaction (HCI) system provided comprehensive detection of probable usability 
problems and use errors that the daily user of the system may encounter.” 
 Research project: Electronic medical records 
(Author not analyst) 
This project was undertaken with the aim of assessing technical and social aspects of an 
electronic medical records system (Tancredi et al., 2012). One part was a usability evaluation 
where ECW and PUEA were the two methods used. The methods functioned very well for the 
evaluation and the authors write: “ECW unfolded issues with planning, learning and 
exploration of the system; it identified serious problems with texts and icons, hidden controls 
or information, unnatural sequences and insufficient or ambiguous feedback” and “PUEA 
identified potential serious errors that the interface can lead to.” They also stated that “Only 
ECW and PUEA helped to reveal issues related to physical action.” In this project, ECW and 
PUEA have thus worked as intended. More can be found about this study in chapter 5.4. 
Research project: Car seat belts 
(Author analyst) 
This is an ongoing project during the writing of this thesis. The overall aim of the project is to 
evaluate two proposals on improved seat belts. ECW and PUEA were used to predict usage 
errors for the proposals until more empirical experiments were conducted. This was done so 
as to get an idea of what could possibly happen with the users involved. ECW and PUEA 
showed many possible operational errors with the belts and many of these occurred when tests 
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with users were conducted. As a result, the proposals for the belts underwent further 
development designed to make the belts easier to manage and also to reduce the probability of 
the user making mistakes. 
Master thesis: Boat navigation 
(Author not supervisor) 
This thesis project aims to develop an innovative device that delivers an extended set of data 
about the status of the boat and engine as well as about its navigation (Strömberg and 
Freyhall, 2009). HTA, ECW and PUEA were used to evaluate developed design proposals. 
The ECW was first performed to test if the system’s intended use procedure was obvious to 
the user. PUEA aimed to find what type of error the user would make and how severe the 
consequences would be. 
Master thesis: User interface cardiac output  
(Author supervisor) 
This thesis project related to medical technology and the goal for the usability study of an 
USCOM Cardiac Output Monitor is to present a set of usability guidelines (with the focus on 
software) to increase the quality of the human-machine interaction: target achievement, 
efficiency, safety and user satisfaction (Mårtensson, 2010). The implementation of the 
guidelines is visualised by fictional screenshots of the interface. ECW and PUEA were used 
to find usability problems and use errors in the interaction with the user interface. Mårtensson 
(2010, p 137) wrote: “The use of Enhanced Cognitive Walkthrough (ECW) and Predictive 
Use Error Analysis (PUEA) that were based on the Hierarchical Task Analysis, (HTA) led to 
the discovery of many of the usability issues. They are suitable methods for analysing the 
human-machine interaction of a device such as the USCOM and are certainly effective. It was 
interesting and rewarding to be able to discover potential causes of errors, and then watch 
users perform errors related to these issues in actual usage. The methods are quite time-
consuming however, and might not always be the first choice for improving the human-
machine interaction for a product at a small company such as Uscom Ltd.” 
Master thesis: Flat saws 
(Author supervisor) 
This thesis project worked ergonomics in flat saws (Widing and Bui, 2012) ECW and PUEA 
was used to ECW/PUEA were used to evaluate and describe the existing situation, by identify 
possible use errors and usability. This was then used to identify user needs for the flat saws. 
About the methods Widing and Bui wrote (2012, p 107): “The system was also analysed 
using ECW and PUEA for identifying usability problems and use errors. These methods were 
found to be a bit difficult to apply to this system, where they are designed for more complex 
systems. They were somewhat adapted to this project however it needed much analysis to be 
able to determine what is relevant for the actual system. The method is very good for 
identifying potential problems in the system however it would have been beneficial with a 
second iteration of contact with users to be able to verify this type of evaluation. The lack of 
verification had to be taken into consideration in the analysis both when including and 
excluding some aspects.” 
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Bachelor thesis: Radar surveillance software  
(Author supervisor) 
In this thesis ECW/PUEA is compared with another method called Rapid Usability 
Evaluation. The purpose of the thesis is to try to find strengths and weaknesses in Rapid 
Usability Evaluation and suggest interventions for the deficiencies that may exist 
(Gyllensvaan and Olsson, 2009). In addition, suggestions are given for how Rapid Usability 
Evaluation methodology can and should be used in the future. It will primarily be compared 
with Enhanced Cognitive Walkthrough (ECW) and Predictive Use Error Analysis, as these 
methods are potential replacements for RUE should this prove to be insufficient. The 
following was written about ECA and PUEA (Gyllensvaan and Olsson, 2009, p 47): “When 
the complete methods are examined it quickly appears that ECW and PUEA take far too long 
to fit in the catchwords ‘speed and flexibility’, especially if a complete HTA needs to be set up 
just for them. An definite alternative is to carry out the complete analysis on selected elements 
that are critical to the system but this does not alter the fact that the methods are tedious and 
complicated. To speed up testing, especially in early stages when development can move 
quickly between different concepts, the authors propose that simplified methods are 
developed. These simplified methods must nonetheless be significantly faster than the original 
methods and less complex in their design, but still cover the parts that RUE currently 
misses.” 
Course: Cognitive ergonomics 
ECW and PEUA have been a part of the course since 2007 and have been used in student 
projects to investigate usability problems and use error. The methods there have been used in 
number of different areas and worked as they should. Students from 2009 were included in 
the study reported in Paper VIII. 
5.3.4 Use of ECW, PUEA and GTS 
Generic Task Specification, Enhanced Cognitive Walkthrough and Predictive User Error 
Analysis have been used together in two major projects. 
Research project: Dialysis machine 1 
(Author analyst) 
This study was conducted to investigate the interaction with the bloodline system for three 
different dialysis machines (Bligård et al., 2006a). It was for this study that GTS was created. 
GTS was used to map out and compare workload between the machines, ECW was used to 
identify and compare usability problems while PUEA was used to map and compare use error. 
The usability evaluation was performed by a team consisting of a moderating usability 
engineer (the author), an assisting usability engineer and an experienced user, and was 
performed at the Gambro facility in Lund. All three methods worked well and were a good 
basis for finding the strengths and weaknesses of the design of the various machines. 
Research project: Dialysis machine 2 
(Author analyst) 
This study examined a dialysis machine to highlight weaknesses in design and demonstrate 
possible design improvements (Bligård and Osvalder, 2006a). GTS was used to see where on 
the body the workload was placed, ECW to see problems with usability in the design while 
PUEA examined possible errors of the user. Alarm-ECW was also used to evaluate alarms 
from the machine. The methods worked well and gave clear indications of problems and 
possible improvements. 
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5.3.5 Use of GTS alone 
Research project: Horse stable tools 
(Author analyst) 
GTS has also been used without ECW and PUEA in one larger study (Paper XVII). GTS was 
used to map the physical workload during work in stables – clearing the dung out of a horse 
stall. The method gave a good structure to the analytical task and set a basis for continuing 
with a computer manikin analysis.  
5.3.6 Use of PEEA 
Predictive Ergonomic Error Analysis has been used as a stand-alone method in a number of 
projects. 
Research project: Dialysis machine 3 
(Author analyst) 
This study aims to evaluate the strain ergonomics of a prototype dialysis machine (Osvalder et 
al., 2005). It was for this study that PEEA was developed to examine how the user would 
actually perform actions ergonomically. PEEA was used here with HTA as a basis and 
together with RULA, REBA and OWAS. The method worked as expected by casting light on 
the ergonomic errors that could occur. 
Research project: Dialysis machine 4 
(Author analyst) 
This study is a continuation of the study described above. The purpose is to evaluate strain 
ergonomics after a new prototype was developed based on the results of the previous study 
(Bligård et al., 2006b). The methods were the same and PEEA worked just as well here. It 
was now also possible to compare the results to clearly demonstrate improvements. 
Research project: Computer mice 
(Author analyst) 
Many products are promoted as ergonomic, but for the user to make use of them it must be 
clear and understandable how the product should be handled. PEEA was used in this project 
to investigate the possible ergonomic errors in four ergonomic computer mice. This was then 
compared with results from usability tests. The study is described in Appendix A. 
Research project: Horse stable tools 
(Author analyst) 
The ergonomic features of stable equipment were examined here to see if users used these for 
better handling of workload. First PEEA was performed and this was followed by usability 
tests. The study is described in Appendix B.  
Course: Physical ergonomics 
PEEA has been used as a method in the Physical Ergonomics master course since 2006 and 
has been used in student projects within a number of areas. The method has functioned well 
and given an insight into how users actually perform the actions. Just because it is possible to 
perform an action well from the ergonomic viewpoint, this does not mean that the user is 
using the product in the correct way, which PEEA clearly demonstrates to the students. 
5.3.7 Use of whole CCPE methodology 
To test the final CPPE methodology three studies were performed: with an office chair, with a 
vacuum cleaner and for kitesurfing. 
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Research project: Office chair 
(Author analyst) 
This study evaluated the ergonomics of a vacuum cleaner and an office chair, both of which 
were regarded as ergonomic. First the CCPE methodology was applied to develop potential 
usability problems and use errors. After this usability tests were conducted to compare the 
analytical analysis with the empirical. The study is presented in Appendix C. 
Research project: Vacuum cleaner 
(Author analyst) 
This study evaluated the ergonomics of a vacuum cleaner and an office chair, both of which 
were regarded as ergonomic. First the CCPE methodology was applied to develop potential 
usability problems and use errors. After this usability tests were conducted to compare the 
analytical analysis with the empirical. The study is presented in Appendix D. 
Research project: Kitesurfing 
(Author analyst) 
The full CCPE methodology has been developed in the context of medical technology. In 
order to challenge the method and test its limits, a study of kitesurfing was performed. The 
task analysed was an in-water start for beginners. The results from CCPE were then compared 
with the results of an observational study on real beginners who learned to kitesurf. The study 
is presented in Appendix E. 
5.3.8 Summary 
To summarise, the CCPE methodology and its detailed methods have been used in many 
projects since the method first arose ten years ago. Application may be greater than the 
projects listed above, as the author certainly is not familiar with all use of the methodology. 
 
The methodology has grown considerably in medical technology, but it has also been applied 
to many other areas such as nuclear power, extreme sports, seat belts, car seats, stable tools 
and so on. Furthermore, the methodology has been used in industrial projects, research and 
student projects. The methodology has thus proved to be useful in many domains and in many 
situations. 
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6 Assessment 
The chapter consists of two parts. In the first part the developed methodology is assessed by 
verification, validation and reflection. This is followed by a review of the methodology’s 
relation to other methods and areas. 
6.1 Verification 
The overall purpose of the CCPE methodology development described in this thesis was to 
improve methods for handling and preventing presumptive mismatches between users and 
artefacts in the development process. To achieve this, a number of requirements were drawn 
up based on the theory concerning the methodology in order for it to work within the 
framework previously described (chapter 4). A first step in evaluating the developed 
methodology is to validate the methodology by outlining how the requirements are met and 
how they have been addressed in the methodology. This is done in table 6.1. 
 
Table 6.1 Theoretic validation: Requirements for and fulfilment of the CCPE methodology 
Requirement Fulfilment 
Start from a system 
perspective 
In the CCPE the systems perspective is considered through the 
second stage of the methodology. The factors in the human-
machine system that affect interaction are identified in the system 
description. 
Study the details in the 
interaction, i.e. examine 
every individual step 
Examination of each step of the interaction is carried out by 
basing the analysis on HTA. A number of questions are asked for 
each step of the interaction. Every action is thereby examined 
individually. 
Consider both cognitive 
and physical aspects 
 
Both the physical and the cognitive aspects are integrated in the 
methodology. During the task analysis both physical and 
cognitive actions are mapped. GTS shows both physical and 
cognitive load. ECW focuses on cognitive aspects, but also 
contains a question on physical aspects. PUEA concerns 
primarily cognitive aspects, although the effects may have 
physical consequences. PEEA shows clearly the relationship 
between the physical and the cognitive aspects. 
Relate to risks during the 
interaction 
Risk thoughts are clear in interaction analysis as PUEA and 
PEEA take into account the consequences of faulty actions, hence 
the connection between action and consequence. 
Possible to use during 
product development 
The methodology is designed to be applicable during product 
development in that it can be used to evaluate solutions that are 
not yet fully developed, and provide input to the proposed 
changes. 
Function together with 
risk management 
The methodology has embraced the basic ideas of risk 
management.  
Based on knowledge 
about physical 
ergonomics 
The parts concerning physical ergonomic problems and 
ergonomic errors are based on knowledge of physical 
ergonomics. 
Based on knowledge 
about cognitive 
ergonomics 
The parts concerning usability problems and use error are based 
on knowledge within the area of cognitive ergonomics. 
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Function together with 
human factors 
engineering 
The methodology is developed from methods which derive from 
HFE and has been used in projects within HFE. 
Function together with 
principles and processes 
of user-centred design 
The methodology has been developed in a context where 
principles and processes of user-centred design have been 
applied. 
To address users who are 
engineers with 
knowledge of Human 
Factors Engineering 
The methodology is more effective to use for persons with 
knowledge of HFE. 
Relate blunt end with 
sharp end 
CCPE relates blunt end and sharp end concepts by including both 
user problems and use error. For use errors both cause and 
consequence are investigated. 
Examine usability 
problems 
ECW was especially developed to examine usability problems 
Examine use error PUEA was especially developed to examine use errors 
Examine ergonomic 
error 
PEEA was especially developed to examine ergonomic errors 
Not examine physical 
ergonomic problems 
during correct use 
CCPE does not concern MSDs since there is no analysis of 
whether an operation is harmful even if it is done in the best way. 
However, it is possible to add such an analysis if needed. 
Take no account of 
abnormal use 
CCPE does not take abnormal use into account by assuming that 
the user wants to perform correctly. PUEA seeks only use errors 
that can plausibly occur. The method makes no claim or attempt 
to be helpful in detecting all imaginable incorrect ways in which 
a product can be used. Instead, it focuses on the use errors that it 
is reasonable to think are possible during specified use in a 
specified environment. Whether or not the error could plausibly 
occur must therefore be evaluated in each individual case, in 
relation to the envisaged user and context. It is also important to 
point out that PUEA does not attach any value judgment to the 
term “error”, which means only that the user performs an action 
that the manufacturer has not intended. Thus, a use error means 
only a mismatch between the action expected by the designer and 
the way in which the user performs the action (compare the 
description by Norman (2002) of mental models in the designer 
versus the user) 
Be question-based ECW, PUEA and PEEA all use questions in their respective 
analysis. 
Be formative and 
proactive 
 
The methodology is designed to be used during the product 
development process and to generate information to improve 
development of the artefact 
Be analytical, but 
include users and experts  
 
The methodology does not require any testing with users, instead 
the user is simulated in the evaluation. However, it is beneficial if 
users are present during the execution of the methodology and the 
usefulness of the methodology is enhanced if HF experts are 
involved in the evaluation group 
Yield qualitative and 
semi-quantitative data 
 
The methodology generates results in the form of grading and 
categorisation but also in more detailed descriptions of usability 
problems and use errors 
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Derive from methods 
within the areas of 
Usability Evaluation and 
Human Reliability 
Assessment 
CCPE is largely based on a further development of the Cognitive 
Walkthrough (CW) and Predictive Human Error Analysis 
(PHEA) methods 
 
The specific questions that are described at the end of chapter 4.3 are fulfilled by the analysis 
questions in the interaction analysis in CCPE. 
 
Usability problems are examined with ECW: 
 Will the user act correctly with the machine? 
 Why does the user act correctly? 
 
Use errors are examined with PUEA: 
 Which errors can the user commit with the machine? 
 Why does the user act incorrectly? 
 
Ergonomic errors are examined with PEEA: 
 Will the user act correctly with the human? 
 Which errors can the user commit with the human? 
 
Table 6.1 showed that the requirements on the CCPE methodology are largely fulfilled and 
the methodology is adapted to the underlying theory. The next step is evaluation of how the 
methodology functions when applied in a thought-of context, in other words validation, which 
follows in the next chapter. 
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6.2 Validation 
Besides the use of CCPE stated in the previous chapter, which in itself is an evaluation of the 
methodology, a structured evaluation was also performed. First a summary of use of CCPE is 
presented, then five empirical evaluations conducted by the author, followed by the results of 
an interview study with users. After this there is a summary of two evaluations conducted by 
other researchers. Finally, there are statements from two experienced users of CCPE 
regarding the pros and cons of the methodology and the author's own reflections. 
6.2.1 Summary of use 
CCPE methodology has been used in a number of evaluations, which were presented in 
chapter 5.4. The methodology was used to equally predict, identify and present mismatches in 
the interaction between user and artefact. Table 6.2 presents a summary of how the 
methodology was used. 
 
Table 6.2 Summary of use of CCPE in different applications 
 With the author as 
moderator 
Without the author as 
moderator 
Application area Method GTS ECW PUEA PEEA GTS ECW PUEA PEEA 
Aesthesia machine  X X   X X  
Boat navigation      X X  
Seat belts in cars  X X      
Carton bale machine      X   
Child restraints in cars      X   
Combat vehicle 90      X   
Computer mice    X     
Dialysis machine X X X X     
Electronic medical records      X X  
Emergency patient stretcher  X X      
Flat saws      X X  
Home care ventilator  X X      
Horse stable tools X   X     
Infusion pumps      X   
Insulin pumps  X     X  
Kitesurfing equipment X X X X     
Movable incontinence inserts      X   
Nuclear control room      X   
Office chair X X X X     
Public transport website      X X  
Radar surveillance software      X X  
User interface cardiac output      X X  
Vacuum cleaner X X X X     
 
The summary in table 6.2 shows that the individual methods as well as the complete CCPE 
methodology were used in many application areas with the author as moderator as well as 
without the author participating in the analysis. The more common are evaluations within the 
field of medical technology and applications of the ECW method, but it is natural since the 
development of CCPE started with ECW to evaluate medical devices.  
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6.2.2 Empirical evaluation of CCPE 
In order to empirically evaluate the CCPE, the author has undertaken five studies, one on 
computer mice (Appendix A), one on stable tools (Appendix B), one on vacuum cleaners 
(Appendix C), one on office chairs (Appendix D) and one for kitesurfing (appendix E ). The 
evaluations were linked to the use described in the chapter 5. As CCPE had previously been 
used primarily in medical technology, other more everyday products were chosen to evaluate 
whether CCPE could be successful also in these cases. The choice of CCPE evaluation 
method in these five studies was based on how much the various methods had been used in 
earlier projects, which lead to more focus on PEEA, and less on ECW. 
Computer mice 
The study evaluated PEEA. Four computer mice promoted as featuring an ergonomic design 
were selected. PEEA was then used to identify potential ergonomic errors when using the 
computer mice. Furthermore usability tests were conducted in which 16 people got to try three 
of the mice (randomised choice). Their use was video-recorded and then analysed to 
determine the ergonomic errors that occurred in reality. These results were then compared 
with the results of the PEEA evaluation. The results can be found in Appendix A. 
 
The comparison reveals that PEEA worked well for predicting the ergonomic errors that could 
occur, especially for the most frequent errors. PEEA predicted more errors than actually 
occurred but this is the nature of the method. Tables 6.1 and 6.2 describe the relationship 
between the results of the CCPE and the empirical study. 
Stable tools 
Also the second study evaluated PEEA. Six stable tools marketed as having an ergonomic 
design were chosen. There were two forks, a spade, a shovel and two brooms. PEEA was used 
to identify potential ergonomic errors when using the tools. Usability tests were then 
conducted where eight subjects tested all the equipment. The use was video-documented and 
analysed to determine the ergonomic errors that occurred in reality. These results were then 
compared with the results of the PEEA. The result can be found in Appendix B. 
 
The comparison reveals that PEEA worked well for predicting the ergonomic errors that could 
occur, especially for the most frequent errors. PEEA predicted more errors than actually 
occurred but this is the nature of the method. Tables 6.3 and 6.4 present the relationship 
between the results of the CCPE and the empirical study. 
Office chair 
The study evaluated a modern office chair, which according to the manufacturer had very 
good ergonomic features. The interaction between the chair and the user during adjustment of 
the chair was analysed using the complete CCPE methodology. The evaluation resulted in a 
list of presumptive usability problems, use error and ergonomic error. Usability tests were 
also conducted. Eight people were asked to adjust the chair while being video-recorded. The 
usability tests were then analysed to see which adjustments caused problems for the subjects 
and what errors occurred. The results of the analytical evaluation with CCPE regarding 
usability problems, use errors and ergonomic errors were then compared with the results of 
the usability tests. The results are shown in Appendix C. 
 
The comparison reveals that CCPE predicted more problems and errors than occurred during 
the usability tests but this is the nature of the method. However, it was not clear which of all 
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predicted use errors would probably occur in real life. Tables 6.3 and 6.4 present the 
relationship between the results of the CCPE and the empirical study. 
Vacuum cleaner 
The study evaluated a modern cordless vacuum cleaner that could be used both for vacuuming 
the floor and as a table vacuum cleaner. The interaction between the vacuum cleaner and the 
user during normal use was analysed using the entire CCPE methodology, which resulted in a 
list of presumptive usability problems, use errors and ergonomic errors. Usability tests were 
conducted in which eight people used the vacuum cleaner. The tests were video-documented. 
The tests were then analysed to see which actions caused problems for the subjects and what 
errors occurred. The results of the CCPE in the form of usability problems, use errors and 
ergonomic errors were then compared with the results of usability tests. The results can be 
found in Appendix D. 
 
The comparison reveals that the CCPE methodology predicted many presumptive usability 
problems, use errors and ergonomic with its three methods ECW, PUEA and PEEA. The 
results found by the ECW evaluation most closely resembled real world usability problems, 
and this method worked best in terms of prediction, followed by PUEA and then PEEA. In 
other words, predicting which of the various use errors and ergonomic errors that might occur 
in reality was more difficult than predicting which usability problems may occur. Tables 6.3 
and 6.4 present the relationship between the results of the CCPE and the empirical study. 
Kitesurfing 
The study examined in-water starts during kitesurfing. First the CCPE methodology was used 
to perform an analytical evaluation; the result of the PUEA was a list of the possible use 
errors that a novice could conceivably make. After this four beginners were observed and 
video-recorded during their first-ever training for an in-water start. The films were analysed to 
determine the use errors that the novices actually made. The results from ECW and PEEA 
were not useful to compare with the results from the observations. The PUEA results in the 
form of use errors were then compared with the results from the observations. The result can 
of the PUEA evaluation be found in Appendix E.  
 
The study shows that the PUEA methodology can be used also for a task requiring motor 
coordination and interaction, not only for a conventional user interface. Tables 6.3 and 6.4 
describe the relationship between the results of the CCPE and the empirical study. 
Discussion 
Tables 6.3 and 6.4 show the relationship between what the CCPE methodology predicted and 
what occurred in the empirical studies. An initial reflection is that CCPE worked well in 
predicting what would happen. In all but one case, the majority of usability problems and use 
errors were predicted. However, the numbers also show that CCPE predicts many problems 
and errors that do not occur empirically. This may partly be because there have been too few 
test subjects in the usability tests as CCPE also takes into account errors and problems that are 
rare. It may also be due to the methodology prioritising identification of problems and errors 
that could occur instead of prioritising detection of errors and problems that are likely to 
occur. That is, the high percentage in Table 6.3 is due to the lower percentage in Table 6.4. 
CCPE thus identifies more problems than actually occur in order not to miss identifying some 
of the ones that do occur. 
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Table 6.3 Percentage predicted with CCPE that were identified during empirical tests. 
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Percentage of usability problems predicted by ECW 
identified by empirical tests   45% 42%  
Percentage of use errors predicted by PUEA identified by 
empirical tests   63% 35% 42% 
Percentage of ergonomic errors predicted by PEEA 
identified by empirical tests 56% 39% 26% 24%  
 
Table 6.4 Percentage identified by empirical test and predicted by CCPE 
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Percentage of usability problems identified by empirical 
tests predicted by ECW   90% 90%  
Percentage of use errors identified by empirical tests 
predicted by PUEA   63% 53% 88% 
Percentage of ergonomic errors identified by empirical tests 
predicted by PEEA 79% 78% 60% 44%  
 
ECW shows better results than PUEA and PEEA, which is probably because ECW 
investigates the only correct way to perform a task, while the other methods depend on both 
the user and the evaluator's creativity to make errors and predict errors. The PEEA also 
worked better on products with regards to physical ergonomics, i.e. where there is a large 
degree of physical interaction between the user and the artefact, which is reasonable since this 
is the focus of the method. 
 
No other studies than the author’s comparing ECW, PUEA or PEEA with empirical tests have 
been found. There are however some studies done on the original methods, CW and 
SHERPA. In a study of a prototype military airspace scheduling system by Cuomo and 
Bowen (1994) CW was used. Of 24 usability problems predicted by CW, 14 (58%) were 
identified by empirical tests. In a study of a medication ordering system by Khajouei et al 
(2011) CW was also used. Of 38 usability problems predicted by CW, 22 (58%) were 
identified by empirical tests and of 41 usability problems identified by the empirical tests, CW 
predicted 22 (54%). Koutsabasis et al (2007) undertook a study of a website for a university 
department with two parallel evaluations using CW. In the first assessment, of 21 usability 
problems predicted by CW 18 (86%) were identified in empirical tests and of 70 usability 
problems identified by empirical tests 18 (26%) were predicted by CW. In the second 
evaluation, of 24 usability problems predicted by CW 17 (71%) were identified by empirical 
tests and of 70 usability problems identified by empirical tests 17 (24%) were predicted by 
CW. 
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Baber and Stanton (1996) performed a study on a vending machine using PHEA. Of 12 use 
errors predicted by PHEA 9 (75%) occurred during empirical observation and of 15 identified 
errors during empirical observation, PHEA predicted 9 (60%) of them. In another study of a 
vending machine by Stanton and Baber (2002) 36 students evaluated the machine individually 
with SHERPA. Of 21.6 (average) use errors predicted by SHERPA 6.2 (29%) were identified 
during an empirical test and of 9 usability problems identified by empirical tests 6.2 (69%) 
were predicted by SHERPA. Harris et al. (2005) conducted a study of a civilian aircraft flight 
deck using SHERPA. Of 56 use errors predicted by SHERPA 52 (93%) were identified by the 
empirical study while of 57 usability problems identified by the empirical tests 52 (91%) were 
predicted by SHERPA. Tables 6.5 and 6.6 show a comparison between these studies and the 
studies made with CCPE. 
 
Table 6.5 Comparison between studies with ECW and CW 
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Percentage of usability problems predicted by 
the method and identified during empirical tests 45% 42% 58% 58% 86% 71%  
Percentage of usability problems identified 
during empirical tests and predicted by the 
method 
90% 90% - 54% 26% 24%  
 
Table 6.6 Comparison between studies with PUEA and SHERPA 
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Percentage of use errors predicted by the 
method and identified during empirical tests 63% 35% 42% 75% 29% 93%  
Percentage of use errors identified during 
empirical tests and predicted by the method 63% 53% 88% 60% 69% 91%  
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Table 6.5 shows that ECW is better at predicting all possible usability problems that could 
arise than CW, but it does not indicate whether the predicted problems are real or not. This is 
consistent with the goal of the development of ECW, which was to cover more usability 
problems. This has evidently been at the cost of ECW predicting more problems than actually 
occur, compared with CW. When it comes to PUEA, Table 6.6, the results of the comparison 
are not equally clear. PUEA is better when it comes to detecting several possible use errors, 
but not all of these errors actually exist in real handling situations. A reasonable conclusion 
would therefore be that ECW and PUEA have considerable potential for detecting most of the 
possible usability problems and use errors that can occur in a real interaction situation, 
thereby presenting more data and insights in these areas than their original methods CW and 
SHERPA. However, more studies are needed to determine this definitively. Nonetheless, the 
methods do not indicate which problems and errors are most likely to occur. As CW and 
SHERPA do not conduct such a thorough analysis as ECW and PUEA do, these methods 
seem to predict to a slightly higher degree the actual problems and errors that users might 
perform. However in the product development process, where the CCPE methodology is 
intended to be used, it is very important to get information on and understanding about all the 
possible problems users can face when the product is on the market. This knowledge might 
result in various ideas for possible redesigns to improve usability and mitigate use errors in 
the artefact when launched on the market. 
 
CCPE has the aim to discover so many mismatches as possible and it is therefore interesting 
to reflect on why some mismatches in the studies described earlier have not been detected. 
Some missed mismatches, like the study of kitesurfing, where the result of that the task was 
not sufficiently well described, so all parts of the operation were not evaluated. Other possible 
causes are that the limit was too restrictive on what was a reasonable mismatch and that the 
users' variation of the action was greater than expected by the evaluator. Furthermore, the 
analysis is not better than the empathy and imagination that the evaluators had just at the time 
of the evaluation, which means that there is an element of randomness, since CCPE is based 
on a subjective assessment. Other aspects that may affect the analysis negatively are if 
evaluators become fatigue or bored, making it important to not do the analysis with the CCPE 
for longer sessions to keep the mind sharp. 
 
CCPE was initially developed to analyse users’ interaction with the user interface in medical 
technology, i.e. pressing buttons in sequence. CCPE is not designed to analyse tasks such as 
kitesurfing in which the user interface is not as obvious and where the action steps are more 
complex. Nevertheless CCPE nonetheless worked well in this case. CCPE worked well also in 
other areas and a reasonable conclusion is that CCPE serves to analyse the mismatches 
between user and artefact within many different areas and is not limited to medical 
technology. 
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6.2.3 Interview study ECW and PUEA 
As described previously, ECW and PUEA have been used by businesses and in education and 
they have also been evaluated in a study which is reported in full in Paper V. 
Method 
The study was conducted with individuals participating in a course at Chalmers (9 persons), 
and representatives of a medical technology company (5 persons). In both cases, the author 
first taught the method after which the participants in the study applied it to their course 
projects and, in the case of the company, a real development project respectively. After using 
the methods, the participants were interviewed and asked to fill in a questionnaire about the 
methods. 
Results 
The interviewees had in general a positive view of the method. The method was considered 
systematic and easy to overview, and offered clarity and awareness of the problems. The 
interviewees agreed regarding the strengths of the method. The main strength was that it is a 
structured method that allows for a run-through of the product’s entire use, step by step, 
forcing you to consider many aspects in the interaction. The systematic approach made it 
easier to think critically of the product. However, this advantage is offset by some negative 
aspects already mentioned. The systematic approach makes it time-consuming, tedious, and 
unnecessarily complex for application with certain products, it is “technical” and “quantifies 
everything”, causing it to be perceived as boring and lengthy.  
 
Another advantage was that the method made it easier to communicate the concept of 
usability, which may appear fuzzy for some people not in the domain. The result of the 
method, in terms of a list of individual usability problems and use errors, made the product 
usability clear. 
 
Other problems that emerged were difficulties when selecting tasks, prioritizing the tasks and 
then creating a good description of the user. There were also comments regarding the 
difficulty to know what to do with the result, including both the completed templates resulting 
from the analysis and the suggested result matrices. The participants also felt that the method 
would work better if the specified product user was a novice rather than an expert, since they 
thought it more difficult to imagine what an expert might do. 
 
A few suggestions for improvements to the method emerged from the interviews. Some of the 
interviewees desired for instance more instructions on how to select and prioritize the tasks 
and also a way to adapt the method to their specific product. 
Discussion 
During the development of ECW and PUEA a number of strengths and weaknesses of the 
methods were identified, see Papers 1-4 and (Bligård, 2007) and the first part of the 
discussion will compare these with the strengths and weaknesses experienced by the 
participants in the study as first-time users. 
Weaknesses 
The main weakness of ECW and PUEA identified during method development is that they are 
more tedious and time-consuming to carry out than the original CW and PHEA methods. 
Based on the result of the study this suspected weakness is confirmed. 
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Another possible weakness identified during method development was that the method was 
perceived as complicated and difficult to learn, and this was confirmed by the study. 
Furthermore, the study showed that previous experience of other similar methods had a 
positive impact on ease of learning, as did substantial domain knowledge. 
 
One other thing that may be regarded as a weakness is the dependence on the participating 
analysts, but the method was never claimed as being independent of the analysts’ knowledge 
and skill. Rather, that the method should function as a framework for efficient use/application 
of expert competence.  
Strengths 
The main strength of ECW and PUEA identified during method development is that the 
methods provide a clear description of usability problems and user errors so they can be 
counteracted in the next step of the development process. The result of study confirmed that 
users find the method to elicit useful information for product development. 
 
A third strength identified during the method development was that matrices should make it 
easier to compare the usability of two products. However, since comparisons between 
products were neither a part of the study, nor mentioned in the interviews, this strength cannot 
be confirmed nor rejected. What can instead be said is that some of the respondents did not 
understand how and why to use the matrices. This is a natural response if you do not use the 
method in a case when there is a benefit to be obtained from the matrices. 
Aim of method 
One important aim during development of the ECW and PUEA methods were that the method 
was not designed to be an optimisation of resources versus detected conceivable use errors, 
but that it should detect as many problems as possible. This approach is one reason for the 
method being perceived as tedious and time-consuming. Many of the participating students 
did not think that using the method produced a good result since they did not detect large 
numbers of errors and problems. In a real case that is a positive outcome. If you do not 
discover a lot of possible usability problems and use errors it means that the probability is 
high that the product is a safe and useable product. However, an uncertainty if the method was 
performed correctly and/or a disbelief that you have not discovered the possible problems and 
errors, could make the evaluators feel less trust in the method.  
Method context 
ECW and PUEA were not designed to be a standalone method but rather to be an integrated 
part of the product development process, including also other methods and tools. Much of the 
information needed for the interaction analysis in ECW and PUEA should, for instance, be 
available before using the method, since the basis for a user-centred product development is 
the understanding and description of the users and of the tasks. Consequently, preparatory 
work for ECW and PUEA should already have been completed. 
 
As stated before, the method is highly dependent on preparatory work, i.e. the understanding 
and description of the users and the tasks. This is shown in the responses from the participants 
as most problems (main part from the time consumed during analysis) are related to 
difficulties in the preparatory work. This knowledge is the foundation for human factors work 
(Norman and Draper, 1986, Chapanis, 1985) and should be present in each project. 
ECW/PUEA is useful for uncovering these deficiencies, but cannot be fully deployed when 
they are present.  
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User skill 
The answers were collected from first-time users of the method, which means that a 
considerable amount of the time spent on the method was learning it and developing a basic 
skill. Efficiency in employing the method will probably increase when the users have learnt 
the technique properly. 
 
The authors’ experience is that application of the method will be quicker with skilled 
moderators and when there is no need to think about or discuss how the method should be 
applied. The focus becomes the identification of problems and errors rather than managing the 
method and following the instructions. One minor drawback of the method is that it needs 
both skill in using the method and knowledge of the domain to work properly. However, this 
is a consequence of the conscious choice to create a method in which the quality of the result 
is in focus. There is not only a need for methods for Human Factors novices, but also a need 
for methods for HF experts. 
Method evaluation 
This study shows that it is possible to include developers as users in method development. 
The survey and the interviews made it possible to collect the product developers’ experience 
of using a method and then comparing that result with proposed properties from the method 
development. This indicates that principles for Human Factors Engineering also apply for 
development of Human Factors Engineering methods. 
 
A pre-assumption behind the study was that a method can be regarded as any product and, 
hence, evaluated in the same way. The study supports this assumption as the developers could 
assess the method in a similar way that a user considers a product. Method evaluations often 
examine how well the method performs objectively or how good the result is when used in 
actual projects, but it is also necessary to examine the method's performance as perceived by 
its users and how easy the method is to use. In the same way as the usefulness of a product 
can be considered in terms of the two aspects of utility and usability, (Nielsen, 1993), both 
utility and usability must be considered. When developing methods to be used outside the 
academic world it is necessary to study product developers or other industry users performing 
the method, and not forget to study the usability aspect. 
 
It is crucial that the method is perceived as easy and reliable to use if it is going to be used in 
industrial projects. If no users want to or can use the method, it does not matter how good it is 
from an objective viewpoint. The participants in this study indicated that they would like to 
use the method in future projects, which is a good indicator that it was perceived as being 
sufficiently simple and reliable. 
 
The way users perceive the results produced when using the method cannot directly be 
converted into a conclusion on how good the method is from an objective viewpoint, but it 
should give some indication. Users should possess some ability to assess the quality of the 
result. The participants in the study estimated that the results were of good quality, indicating 
that the method works well. 
 
The study can be seen as part of the method validation with a focus on the users’ experience 
of the method’s usability. Additional studies are nevertheless needed to investigate the overall 
validity (the usefulness) of the method. It is necessary to verify whether ECW/PUEA detects a 
large number of existing usability problems and user errors and that it does not detect too 
large numbers of non-existing usability problems and user errors. 
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Conclusions interview study 
The ECW/PUEA methods were perceived as a meaningful and well worth using but the 
methods were also perceived as tedious and time-consuming to perform. The output result of 
the methods depends on the quality of the input, such as knowledge about the user (user 
profile) and how the product works, this information is crucial for an analytical evaluation 
with good results. 
6.2.4 Theoretical comparison of ECW 
In a paper by Mahatody et al. (2010) comparisons are made between the 14 versions of 
Cognitive Walkthrough, including ECW. The aim of the comparison was to make it easier to 
choose the right type of CW version depending on the evaluation to be performed. The 
authors’ conclusion regarding ECW was that: "It is integrated into a more global approach to 
complex systems." This conclusion coincides well with the author’s intention to make the 
method more applicable to more complex human-machine systems than that for which CW 
was originally designed. 
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6.2.5 Comparison of ECW and PUEA with other methods 
In evaluations of electronic medical records as described in section 5.3.3 there was also a 
comparison of five different usability inspection methods: Enhanced Cognitive Walkthrough 
(ECW), Predictive Use Error Analysis (PUEA), Semiotic Inspection Method (SIM) and two 
sets of Heuristic Evaluation (HE). The comparison used four categories from the User Action 
Framework: Planning, Translational, Physical Action and Assessment. Their results are 
shown in figure 6.1. If ECW and PUEA could be seen as one method they would jointly have 
62 usability issues and thereby be the best method of evaluation. 
 
The following was written about the result in figure 6.1: “The five methods with their different 
perspectives on human-computer interaction helped to reveal different aspects of interaction. 
ECW uncovered planning issues that directly influence learning and exploration of the 
system; it identified serious problems with text and icon, hidden controls or information, 
unnatural sequence and insufficient or ambiguous feedback. SIM revealed problems with 
translation of clues due to inconsistent and insufficient communication of the importance of 
objects and relations between objects. PUEA identified potential serious errors to which the 
interface can lead. HE1 predicted that the system will not meet the needs and expectations of 
users in terms of mental workload, the vocabulary used in the system and the workflow that 
the system imposes. The issues mentioned negatively influence the planning of actions. HE2 
demonstrated that the evaluated interface does not follow the usability principles related to 
recognition but rather recall and visibility of system status, which leads to many problems 
with translation, i.e. deciding what object should be manipulated in what way.” 
 
 
Figure 6.1 Percentage identified by an empirical test and predicted by CCPE  
(from Tancredi et al (2012)) 
 
Regarding ECW and PUEA the authors concluded that “ECW appeared to be the most 
universal method; it helped to discover usability issues within all four categories of the User 
Action Framework” and further “Only ECW and PUEA helped to reveal issues related to 
physical action.” They described another advantage of ECW as follows: “ECW involved 
physicians in the inspection work and it is therefore possible that more domain-specific issues 
were revealed”. In this case the possibility of including users in the evaluation is beneficial. 
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These are thus strong indications that ECW and PUEA work well for other evaluators. This 
means an improvement compared to other evaluation methods. This particular perspective has 
not previously been highlighted in any of the other evaluations. 
6.2.6 Experience of use 
In addition to the above-mentioned evaluations, the author has let two experienced users of 
the CCPE methodology communicate their thoughts on their experiences with the system, and 
the author himself will also present his own thoughts. 
User 1 
“My main criticism of the methods is that their extension does not contribute enough value in 
comparison with CW and the methods on which PUEA is based to justify the extra work you 
put in to rate and categorise. It takes so much energy to remember what all the small figures 
and signs mean that it just gets tedious and wrong in the end”. 
 
“It feels as though what gives CW, and perhaps other methods about which I do not know as 
much, such a high false alarm ratio is that you do not do the necessary preparatory work 
properly. Something that is more symptomatic for a general inconclusive product 
development process than major flaws in the methods.” 
 
“Getting started with a method requires a lot of commitment and setting aside of 
uninterrupted time which I think it is difficult to get from many of today's businesses, there is 
a big obstacle to get over in order to get started. As it requires training and a lot of 
knowledge to perform the methods in an effective way, perhaps a company can create a type 
of "task force" that comes in when an analysis is needed. With a special unit, on the other 
hand, you will miss the consensus the method creates among the participants. Are there risk 
analysis consultants? The question is also how often the methods are applicable. Are there 
enough opportunities in a company's product development work for people to train their 
ability within a reasonable time interval?” 
 
“I've never understood the point of the matrices, for me it is not a useful way to present the 
results. What do I do with them? As a designer, I want to know what has to be fixed and in 
what way, not that the product generally has problems with recovery during common tasks; I 
want to know exactly what tasks have problems with recovery. The methods lack good ways to 
present the data.” 
 
“I can see advantages of using both methods at the same time, because it does not take that 
much longer to use both once you sit down with one.” 
User 2 
"I have used the further-developed ECW and PUEA methods in several projects where we 
have been interested in a deeper analysis of user friendliness and risk of use error. The 
products evaluated were mechanical artefacts managed by people and they have high 
demands on safety. The methods are well adapted to that type of application and can be 
modified if necessary. The results that emerged underscored both major and minor defects in 
the product's user friendliness and many of them were remedied by simple means. It is 
obvious that each step in the process must be followed, and well-executed preparatory work 
allows more defects in human-machine interaction to be detected and corrected." 
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The author 
“My first impression of the methodology is that it is very powerful when it comes to detecting 
problems and errors in the interaction, but that it is at the same time complex to initially 
embrace because it contains so many parts and must be adapted to function. I myself do not 
consider the methodology to be tedious or time consuming but I assume that is because I am 
thoroughly familiar with the methodology and can therefore use it effectively. On the 
occasions when I have moderated sessions it has been possible to maintain a good pace since 
there have been no doubts about how the method is to be used or what everything means. One 
reflection is that the methodology requires good knowledge of the user, the use and the 
machine to operate efficiently, but it is easy for ignorance in these areas to cause long 
discussions among the session’s participants about how things really are. However, one of 
the positive aspects of the methodology is that it helps participants to gain a common picture 
of the whole.” 
 
After studying how CCPE methodology is applied in use with products and technical systems, 
the next step in the evaluation is to reflect on the advantages and disadvantages of the 
approach that the methodology is based on, which is done in the next paragraph. 
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6.3 Reflection on method development and method approach 
The development of the CCPE methodology and its methods has come to be led by three 
general approaches in evaluating the interaction between human and machine: (1) the 
proactive approach, (2) the analytical approach, and (3) to combine the cognitive and physical 
aspects of the interplay in a joint evaluation. The section below offers reflections concerning 
the three approaches. 
 
As described in Chapter 4.3.5 there are different approaches to deal with mismatches. A 
reactive methodology demands that something must happen in a test or the field before 
measures are taken, which means that the machine first has to be manufactured before a 
reactive approach can be applied. It is both easier and less costly to change and improve the 
machine with regard to ergonomics and usability during the development process than to 
modify the manufactured machine when it is out on the market and is handled by users. Early 
in the product development process there is seldom a physical prototype. A proactive method 
can detect the problems in earlier stages of product development, and the less detailed 
prototypes the method can evaluate, the more proactive the method becomes. CCPE does not 
need a fully manufactured machine and the intended context to search for mismatches in the 
interaction, since it work with both high and low fidelity prototypes, as well as abstract 
descriptions of the machine and a fully functional machine. 
 
An important factor for a good evaluation of the interplay between human and machine is the 
involvement of users in the evaluation (Engelbrektsson, 2004, Garmer, 2002, Launis, 2001). 
One way to achieve this is through empirical evaluation in usability tests, which can be 
performed successfully during the whole product development process with different types of 
prototypes. But with the aim to do an extensive and systematic search to cover the whole 
range of presumptive mismatches in the interaction between human and machine, the 
empirical test become less effective if the prototypes are of low fidelity or if there is only an 
abstract description of the machine. A low fidelity prototype may hide some presumptive 
mismatches while creating mismatches that are not real. In addition, even if a high fidelity 
prototype does exist it is often difficult to obtain sufficient numbers of potential or actual 
users for large scale empirical test method to perform an extensive and systematic search for 
mismatches. 
 
There are however other ways than empirical tests to involve users as evaluators than in the 
product development process, for example in focus group interviews (Obert and Forsell, 
2000). To counter act the limitations with empirical tests, CCPE takes an analytical approach, 
which is less dependent on involving many potential or actual users compared to empirical 
test methods. The structure of the CCPE makes it possible to evaluate low fidelity prototypes 
as well as abstract product descriptions. But, CCPE’s analytical approach does not exclude the 
user from participating in the evaluation, on the contrary CCPE is constructed to utilise users’ 
knowledge through their participation. 
 
Furthermore, CCPE is not entirely an analytical methodology since all information required to 
perform the analysis comes from empirical studies. Without basic and accurate information 
about users and use CCPE is not useful. The strength of CCPE is in gathering all the 
knowledge available about the system (e.g. human, task, environment and machine) in the 
present time to predict what will happen in the future. Because of this, the methodology 
becomes better if the user is a member of the evaluation team. In conclusion, CCPE is an 
analytical methodology with large elements of empiricism. 
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The strength of employing an analytical methodology is that it provides a possibility to 
remove deficiencies in the machine’s design before testing with users begins. In this way the 
users’ time is not wasted on a deficient product design; a person who has participated in a test 
often cannot be re-consulted as he/she may be biased by the first test. However, it should not 
be forgotten, as stated before, that real users play an important role in determining the needs 
and requirements, which underlie the evaluated design. This is especially true for the 
satisfaction component of usability, which the analytical methods often do not cover. Another 
strength is that the analytical methodology may detect hazards in use before they have 
happened in reality, i.e. lower the risk associated with the machine. 
 
One disadvantage of using proactive analytical evaluation however is that the deficiencies 
detected are potential and not “real” ones. To confirm that the deficiencies are real, the 
machine has to be actually used, but this may expose humans and machines to unnecessary 
hazards. Hence, a proactive analytical evaluation is crucial if the method has to be used before 
actual usability tests are made or if it is impossible to do empirical tests. Moreover, it is only 
after a deficiency has been identified that it is possible to decide whether the error is plausible 
or not. Exposing even improbable deficiencies for further evaluation is also beneficial, as 
these may have serious consequences that can otherwise be overlooked if only the plausible 
deficiencies are investigated. 
 
The primary strength of analytical methods is, therefore, that an analysis can detect potential 
mismatches in the interaction before empirical tests with real users are necessary. The 
empirical tests can then be employed more effectively, once the identified use errors and 
usability problems are remedied. In all, this is why the CCPE methodology is useful in both 
the early development process as well as later, where it can support design work. 
 
The approach of CCPE was to unite the physical and cognitive aspects of the interplay 
between human and machine. Such an approach is needed because there is currently an 
obvious separation of body and mind, which is clearly visible in the division between 
cognitive ergonomics and physical ergonomics. The division between body and mind goes 
back in history to when Plato and Aristotle, and later Descartes, made a clear distinction 
between the spiritual and physical (Hansson, 2011, Berminge, 1993). The division between 
body and mind is also clearly visible in our time. An example in academia is that psychology 
focuses on the mind, while medicine focuses on the body. 
 
Division of body and mind is not preferable for the subject of ergonomics as it causes human 
interaction to not be seen as a whole but instead be divided into a physical and a cognitive 
part. An example raised in the thesis of why this division is negative deals with products that 
are designed to have good physical ergonomic properties, but the lack of cognitive 
ergonomics prevents the human from taking advantage of them. This was proved, for 
example, in the analysis of the office chair (Appendix D). Another example is that only 
because a person knows how to handle a particular product this does not automatically mean 
that the person will be able to perform the action. This became clear during the analysis of 
kitesurfing (Appendix E). Users were expected to know exactly how they would do (in 
theory) but it was also expected that they would fail in the execution (in practice). The 
problem did not lie in the cognitive understanding, but in the physical action. Without 
studying both the physical and cognitive aspects together, the analysis of human-machine 
interaction will not be complete and accurate. 
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The CCPE methodology is an attempt to bridge the gap between body and mind and create a 
coherent approach that includes both physical and cognitive aspects. The use of the 
methodology also shows that it is possible to combine physical and cognitive ergonomics in 
the same analysis because the interplay occurs in an integrated way. For evaluation during 
product development there are two major advantages to a unified approach. First, it is possible 
to make evaluations more time-efficiently as both the physical and cognitive aspects are 
treated simultaneously. Secondly, the evaluations will offer improved quality since 
mismatches in the interaction featuring both physical and cognitive aspects will be better 
detected. 
 
An interesting and more general question is whether it would be appropriate to combine the 
disciplines of physical and cognitive ergonomics to better adapt to reality. The human is 
unified where there are no sharp boundaries between body and mind. Depending on the 
situation, there are various human factors that are worth considering in greater or lesser depth 
and together. One appropriate approach would be to first study the whole picture and then go 
into the individual parts of the system. In other words, start from a system perspective instead 
of dividing into physical and cognitive aspects. This is very important in cases where 
ergonomics have to be applied in order to change and hopefully improve the reality in which 
people live. 
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6.4 Summary, evaluation of the methodology 
The goal of the work was to develop an improved Human Factors Engineering methodology 
which was based on existing methods and which focused presumed mismatches in the 
interaction between user and artefact. The specific aims of the methodology were: 
 
 Prediction – investigating when, where and how mismatches exist 
 Identification – determining the type and properties of the predicted mismatches 
 Presentation – describing the identified mismatches in a manner that facilitates 
counteractive measures 
 
The question is if the goal has been fulfilled. From the description of the methodology in 
Chapter 5 and verification in Chapter 6.1 it is shown that the CCPE: (1) is based on existing 
methods, (2) uses a query process to predict mismatch, (3) uses categories to identify 
mismatches, and (4) uses matrices to present the results. According to the verification the 
methodology is regarded as having met the specific aims set. 
 
The application of CCPE in different areas is presented in Chapter 5.3 and the summary in 
Table 6.2 shows that CCPE has been used as intended in a variety of applications. The 
evaluations presented in Chapter 6.4 examined the CCPE methodology in different ways and 
from different angles. The conclusions that could reasonably be drawn from these evaluations 
can be summarised as follows: 
 
 The methodology detects mismatch between the human and the artefact in many 
different application areas 
 The methodology works in projects to evaluate or develop products and technical 
systems 
 The methodology is generally perceived as useful by the users 
 
The reflection in 6.3 showed that the proactive approach, an analytical method, and 
integration between physical and cognitive aspects, are a suitable way to work with mismatch 
issues in product development and, further, that it can support design work, as stated in the 
title of the thesis. However, the evaluation has also shown that there are overall pros and cons 
with CCPE methodology. 
 
The major advantage of CCPE is that it is a methodology and not several methods that do not 
relate to one another. CCPE provides a coherent structure with methods that are developed 
together, making it easier to use. For example, both the physical and cognitive aspects can be 
considered together. Further, CCPE offers a systematic and structured way of working that 
supports the user of the methodology in the analysis. CCPE is also developed to be adaptable 
to many different dimensions and is thus flexible and suitable for use with different types of 
products, machines and systems at different times and for different purposes. 
 
Because the methodology is so comprehensive and flexible, this also comes with a 
disadvantage. Because of its complexity and the knowledge needed by its users to manage the 
methodology in an optimal manner, it requires training and time to learn. To exploit the 
benefits of CCPE, the person conducting the evaluation (the user) needs to understand the 
methodology. First the user needs to adapt the methodology to the situation, possibly exclude 
selected areas and then implement the chosen approach. Otherwise, it is possible that the 
process of following the methodology structure takes over and becomes the focus, instead of 
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the actual evaluation that the methodology is intended to support. Much of the success of 
CCPE thus depends on the person conducting the method, i.e. the success in using the 
methodology in an optimal way is dependent on the moderator's skills and abilities. 
 
When it comes to ECW and PUEA the method development was based on deficiencies in the 
original methods, that is CW and AEA, SHERPA and PHEA, which the development of 
ECW and PUEA tries to counteract. There are, however, some remaining weaknesses in the 
developed methods. The main weakness, apart from the fact that the methods are not fully 
validated, is that the method development made ECW and PUEA more tedious, more 
complicated and more time-consuming to carry out. This type of criticism was previously also 
levelled at the original methods. For example, Miller and Jeffries (1992) state that one of the 
drawbacks of CW is its being tedious, while Stanton and Young (1999) say that one of the 
drawbacks of PHEA is that the method can be tedious and time-consuming for complex tasks. 
Since the method developments of ECW and PUEA largely entailed additions to the original 
methods, one may assume that they have become more tedious, complicated and time-
consuming, but also that they yield very extensive and usable results when the analysis is 
completed. The final result is methods of better quality and higher usability. 
 
Further, ECW and PUEA must not be seen as independent units. When they are employed in 
conjunction with other methods in CCPE and in the human factors engineering process, they 
become less tedious and take less time. Much of the information needed for analysis in ECW 
and PHEA should already be available, and the results of the analysis provide input data to 
other methods in the HFE process. Consequently, these other methods should, in turn, take 
less time to carry out. One fear is that, if ECW and PUEA have become more tedious and 
time-consuming, they will be difficult for users to learn, accept and adopt. And seen as an 
independent unit the methods are harder to learn and to use. But if persons are used to work 
with structured and systematic methods ECW and PEUA will be perceived as less tedious and 
time-consuming. When the methods were taught to students in advanced master courses in 
Cognitive Ergonomics and Human-Machine Systems, as well as in Master theses work; the 
students did not perceive the methods as very difficult to understand and employ. The 
methods were for them one part of a larger integrated method package. 
 
Another way of considering the above-mentioned aspects is connected with safety and when 
CCPE is used in more safety-critical areas. To reach as high a safety level as possible, the 
need is not for methods that quickly detect the most frequent problems. Methods are needed 
that also discover the infrequent problems; even a seldom-occurring use error can kill or 
injure a person. As pointed out earlier in the thesis, ECW and PUEA employ a systematic 
approach specifically in order to detect as many potential usability problems and use errors as 
possible. Since the methods can be applied with the aim of avoiding injury and death, their 
being relatively tedious and time-consuming should be outweighed by the increased safety.  
 
It was stated earlier that CCPE can take time to execute, but a method should also be 
considered in cost-benefit terms. During CCPE the user can be involved in an evaluation in a 
different way than as test subjects in empirical usability tests. Users can participate as 
members of the evaluation team and they can share their knowledge and discuss aspects in a 
more extended way than in an ordinary usability test. The users can thus be involved in a 
more comprehensive way. CCPE provides a detailed description of how to detect mismatches, 
which can be used to improve the evaluated artefact. Further, the reflection described in 6.4 
underscores that a major advantage of the CCPE methodology is that it does not need access 
to detailed and functioning prototypes but instead works with simpler forms of representation. 
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Another advantage is that the qualitative results from CCPE can be useful information for 
those who design the user manuals and educational materials, since the methods show where 
it can be difficult to act correctly (usability problems) and where it is possible to act 
incorrectly (use errors). If usability problems and use errors cannot be counteracted through 
the design, the only alternative is to inform and train the users. 
 
The major disadvantage of CCPE is that the mismatches that are discovered are merely 
presumptive and that the methodology only indicates that they may occur during actual use. 
As CCPE is designed to detect as many presumptive mismatches as possible, this means that 
many of the mismatches detected will not occur during actual use. That too many presumptive 
errors are detected means, on the other hand, that all probable errors will very likely be found 
in the evaluation. Nevertheless, CCPE needs to be complemented by other methods, such as 
usability tests and focus groups, to determine the reasonableness of the detected mismatches. 
The comprehensive results of CCPE, however, promote knowledge about where in the 
interaction most problems can occur, so this part can then especially be examined with a 
usability test if desired. 
 
To sum up, the main strengths and weaknesses derived from the use and evaluations of CCPE 
are as follow. 
 
Strengths:  
 Systematic, structured and coherent way of working that includes physical and cognitive 
ergonomics 
 Adaptable methodology with considerable flexibility 
 Comprehensive result without having to perform empirical tests with users or detailed 
prototypes 
 Detailed description of discovered mismatches that can be used to improve the machine 
 Information about where in the interaction most problems exist, which serves as a basis 
for usability test 
 
Weaknesses: 
 Large framework to grasp in order to use the methodology in an optimal way; use can 
then become complex and time-consuming 
 Knowledge and experience are needed to adapt the methodology to suit the specific 
situation 
 Dependent on the moderator if sessions are to be effective 
 Since possible mismatches are the result of a theoretical judgment by evaluators, they do 
not need to occur during real use 
 Need to complement CCPE with other methods such as usability tests and focus groups to 
determine the probability of detected mismatch 
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6.5 Comparison between methodology approaches  
CCPE represents an approach based on an analytical method perspective, but also with 
significant contributions from human factors (HF) and expert users. Other approaches with 
more or less structure, as described in Chapter 4, include a usability test in which actual users 
are viewed and heuristic evaluation by HF experts. It is interesting to compare CCPE 
methodology with these other approaches to see what the pros and cons are.  
 
In order to compare CCPE with other methodologies, a range of approaches were examined 
by the author:
 
 No work to detect and identify mismatch in the interaction 
 Unstructured evaluation by users, represented by the user review (UR) method 
 Unstructured evaluation by HF expert, represented by the HF expert review (ER) 
method 
 Structured evaluation by users, represented by the usability test (UT) method 
 Structured evaluation by HF expert, represented by the heuristic evaluation (HE) 
method 
 Analytical evaluation, represented by the combination3 of Hierarchical Task Analysis 
(HTA), Cognitive Walkthrough (CW) and Predictive Human Error Analysis (PHEA) 
 The developed methodology, Combined Cognitive and Physical Ergonomics (CCPE) 
6.5.1 Method evaluation properties 
Table 6.7 lists a compilation made by the author of the properties of the method that have 
been discussed in the theoretical framework in Chapter 4. Each of the seven methodological 
approaches above was then assessed according to: 
 
 Y= yes, property included 
 N = no, property not included 
 P = reasonable possibility to include 
 
Table 6.7 Comparison of method properties 
Method property None UR ER UT HE CW 
PHEA 
CCPE 
Can be employed proactively Y Y Y Y Y Y Y 
Can be employed formatively Y Y Y Y Y Y Y 
Includes actual users N Y N Y N P P 
Includes HF experts N N Y N Y P P 
Includes employment of theory N N P N Y N P 
Includes realistic use tasks N N N Y N Y Y 
Includes active and exhaustive search N N N N N Y Y 
Task-independence N Y Y N Y N N 
High-level perspective (Top-Down) N P P P Y N N 
Low-level perspective (Bottom-Up) N P P Y P Y Y 
Gives qualitative output data N Y Y Y Y Y Y 
Gives semi-quantitative output data N N N Y Y N Y 
Gives quantitative output data N N N Y N N Y 
 
When the table (6.7) is studied from left to right a pattern emerges with more method 
properties met to the right, where more advanced methods are presented, than to the left, 
                                                 
 
3 These methods are the base for CCPE 
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where the simpler methods are shown. For CCPE only two properties are not included, to be 
task-independent and to have a high-level perspective. The approach that is closest to CCPE is 
Usability Testing (UT) with four missing properties and Heuristic Evaluation (HE) with five 
missing properties. The comparison in Table 6.7 shows that CCPE meets the set goals better 
than the other six, already existing, approaches to which it is compared. 
6.5.2 Strengths and weaknesses of the respective approaches 
The different approaches have different advantages and disadvantages in their actual 
execution, which may be interesting to study in comparison with CCPE. This has also been 
done by the author and presented in Table 6.8. The list originates from Stanton and Young 
(1999), Stanton et al (2005a), Stanton et al (2005) and from the author's own experiences. 
 
Table 6.8 Comparison of strengths and weaknesses of the methods 
Strength Weakness 
None 
No learning needed 
No resources needed 
 
No mismatch is detected 
User Review 
Represents the unstructured evaluation of user approach 
Not complicated and short learning curve, the 
method is well known to most 
Includes real users 
A structured interview provides consistency and 
accuracy 
Flexible method as follow-ups can be made 
during the evaluation 
 
No structured search for mismatch 
Very dependent on the user's ability to find 
mismatches 
Does not consider knowledge of the subject area 
The analysis can be time-consuming 
The circumstances of the review may lead to 
erroneous results 
Expert Review 
Represents the unstructured evaluation of HF expert approach 
Not complicated and short learning curve, the 
method is well known to most 
Considers knowledge of the subject area 
A structured interview provides consistency and 
accuracy 
Flexible method as follow-ups can be made 
during the evaluation 
 
No structured search for mismatches 
Highly dependent on the expert's ability to 
understand the use 
The analysis can be time-consuming 
The circumstances of the review may lead to 
erroneous results 
Usability Test 
Represents the structured evaluation of users approach 
A simple and flexible way to evaluate usability 
Systematic process that has control over the 
variables 
Possibility of obtaining quantitative data, and not 
only qualitative 
Involves users 
Based on natural human behaviour 
Provides a picture of how real use is performed 
 
 
Time-consuming to perform, can be costly 
Much data is collected which can lead to time-
consuming analysis 
Needs training to plan and carry out the test well 
Hard to get appropriate users to test with 
Needs some sort of prototype to be effective 
Can be difficult to generalize as it is a special 
situation that is tested 
Can be difficult to know why something goes 
wrong and to find all possible errors 
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Heuristic Evaluation 
Represents the structured evaluation HF expert approach 
Simple method to perform and requires little 
training 
Resource-efficient method 
Takes known knowledge of the subject area into 
account 
 
Very subjective assessments 
Unstructured and unsystematic 
Lack of reliability, no comprehensive analysis 
and difficult to examine 
Hierarchical Task Analysis, Cognitive Walkthrough and Predictive Human Error Analysis 
Represents the analytical evaluation approach 
HTA 
Simple, fast and general method to learn and to 
use 
Provides a comprehensive description of a task 
Flexible in its use as detail depth can be varied 
Creates a structure for further analysis by other 
methods 
 
 
CW 
Has a structured approach 
Easy to learn and does not need deep knowledge 
of cognition 
Also useful for HF experts 
Ability to analyze proposals early in the 
development process (no need for a testable 
prototype) 
Based on cognitive theory 
Relatively efficient in terms of time and 
resources 
Effective in finding significant and realistic 
usability problems 
 
PHEA 
Structured and comprehensive procedure, which 
is simple to follow 
Taxonomy leads to an analysis of possible errors 
Provides relatively valid and reliable data 
A lot more time-efficient compared to 
observations 
HTA 
Provides mostly descriptive and not analytical 
information, cannot be used alone to provide 
design solutions 
Can be difficult to get cognitive elements of the 
task 
Can be time-consuming if it is a complex task 
that is to be described 
 
CW 
Limited focus, studying only ease of learning 
The results need to be validated by other methods 
Can be time-consuming for complex tasks 
The results are based on subjective assessments 
Needs a task analysis as a basis 
Low coherence between different evaluators 
 
 
 
 
 
 
 
PHEA 
Can be tedious and time-consuming for complex 
tasks 
Needs a task analysis as a basis 
Does not take the cognitive components in use 
error into account 
Some discovered possible errors will not occur 
Taxonomy shortfall, being general in nature 
 
Generally 
As possible mismatches are judgments by the 
evaluators, they do not need to occur during 
actual use 
Need to complement CCPE with other methods 
such as usability testing and focus groups to 
determine the reasonableness of detected 
mismatch 
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Combined Cognitive and Physical Evaluation 
The developed methodology 
Systematic, structured and coherent approach that 
includes both physical and cognitive ergonomics 
Adaptive methodology with high flexibility 
Extensive results without having to perform 
empirical tests with users or detailed prototypes 
Detailed description of the detected mismatches 
can be used to improve the artefact 
Large framework to learn to use the methodology 
and optimal use can be complex and time-
consuming. 
Knowledge and experience are needed to adapt 
the methodology 
Depends a lot on the moderator for the sessions 
to be effective 
As possible mismatches are judgments by the 
evaluators, they do not need to occur during 
actual use 
Need to complement CCPE with other methods 
such as usability testing and focus groups to 
determine the reasonableness of detected 
mismatches 
 
 
The summary in Table 6.8 shows that each methodological approach has its distinct 
advantages and disadvantages, which can be related and that they belong to three areas: 
 
 Practice and competence of the executor 
 Time and resources to execute the method 
 Quality of the results from the method 
 
In general, the methodological approaches presented in the upper part of Table 6.8 do not 
require as much training and time, but they also do not generate such high-quality results. The 
methods described further down in the table require more expertise and resources but generate 
at the same time somewhat better-quality results. For the development of CCPE in particular, 
the quality of the result was the most important factor of all, primarily to find the mismatches 
that may have the most serious consequences. While it is important that a method is easy to 
learn and simple to use, during the development of CCPE no method adjustments were 
undertaken that would impair the quality of the result. The idea behind the development of 
CCPE is that as many as possible of the mismatches should be found, including the most 
serious mismatches, and that the identified mismatches are completely realistic. Many of the 
weaknesses of CCPE are thus an effect of the deliberately chosen direction for the method 
development. 
 
The question is, however, whether the selected path is successful. As regards searching for 
potential mismatches, the active and exhaustive character of the method is essential. The 
author's own experience is that the search for potential use errors can be compared with 
looking for needles in a haystack. The key here is not to find the needles but to ensure that no 
needle will proceed to animal food where they can do serious harm. One has to find not only 
the big needles that are easily detectable on the surface of the haystack, but also the small 
needles that lie far below. The only way of doing it is to look actively and exhaustively 
through the entire haystack. A humorous analogy might be that seeking potential use errors 
with usability tests is like letting unknown people jump on selected parts of the stack in order 
to feel for needles. Similarly, heuristic evaluation means letting some “needle experts” search 
through the stack according to a general pattern of where needles tend to be found. However, 
usability tests and heuristic evaluation can be employed to investigate whether it is possible to 
jump in the stack. If these methods discover needles, the stack is definitely not a good one to 
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jump in. To summarise, it is important to find all the needles, not just most of them. The last 
needle is also important, and if you find a few straws and think they are needles, and then 
throw them away, it does not matter so much. 
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6.6 Complementing methods 
Chapter 4 describes the four areas of the CCPE evaluation methodology: Evaluation of Risk, 
Usability Evaluation, Human Reliability Analysis, and Evaluation Physical Interaction. The 
methods useful for each respective area were developed into CPPE, but the basic ideas from 
these areas have also been used. The main part of the methodology was Usability Evaluation 
(with CW) and Human Reliability Analysis (with PHEA) but the development was also 
designed to allow the methodology to work together with the Evaluation of Risk and 
Evaluation of Physical Interaction. CCPE is not developed to function as a single tool but to 
facilitate interaction between the methods of the four areas. CCPE can be assigned to the 
group of usability evaluation methods. 
 
CCPE is not the only methodology that should be used in the human factors engineering 
process. Other methods are needed to be used in series and in parallel. There are methods that 
provide input data to CPPE as well as methods that use the output data, and there are other 
ergonomic evaluation methods, which work in different ways compared with CPEE. 
6.6.1 Input methods 
The methods providing input data to CPEE, to the system description, must elicit information 
about the users, the artefact, the task and the context. As pointed out in the description of 
CPPE, it is the quality of these input data that determines the quality of the result of the 
analysis. If the input data are deficient, the result of the analysis using CCPE will also be 
deficient. The main methods for this are observation and interviews, but other methods can 
also be suitable. 
 
In the workload analysis, with GTS, the methodology is dependent of good assessment. This 
can be done by expert judgement but other methods can also be used. Examples of methods 
for analysis of the user’s mental workload are SWAT (Meshkati et al., 1995) and NASA-TLX  
(Hart and Staveland, 1988). For more background information and a deeper understanding of 
how the user thinks, the Applied Cognitive Task Analysis (ACTA) method (Militello and 
Hutton, 1998) can be employed. For the physical workload, poster analysis methods as RULA 
and REBA can be used, although more advanced simulation software as well as biomedical 
calculations can also be used. 
6.6.2 Parallel methods 
When evaluating the ergonomics of a machine there may be a need for methods other than 
CCPE in order to investigate problems and errors in the interaction. This is due not to 
deficiencies in CPPE but to the methodology has an analytical, task-based, low-level 
perspective in the analysis. Hence, to obtain a more comprehensive approach for usability, 
supplementary and triangulating methods are required that have other ways of dealing with 
the analysis (compare Table 6.2) and different strengths and weaknesses (compare Table 6.3). 
Moreover, it should be noted that the design of an artefact does not automatically yield good 
usability just because no usability problems or use errors are discovered with CCPE; however, 
if the methodology detects many serious problems and errors, it is a strong indication of 
deficient ergonomics in the evaluated equipment. 
 
CCPE methodology has an analytical, task-based, low-level perspective in evaluation and to 
obtain a more comprehensive approach for usability problems and use errors supplementary 
and triangulating methods with other ways of dealing with the analysis are required. The 
methods that are supplementary and triangulating for ECW and PUEA should be task-
independent, have a high-level perspective and, if possible, involve the users. In some studies 
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where ECW has been used (Liljegren et al., 2003, Bligård et al., 2003b, Bligård et al., 2004),  
it has been supplemented by Heuristic Evaluation (HE) and/or Usability Tests (UT) with good 
results. This combination of (E)CW, HE and UT is also recommended by the researchers who 
developed CW (Lewis and Wharton, 1997). They emphasise: “We think a practical usability 
process needs to include both task-independent evaluation, for which Heuristic Evaluation 
would be our choice, and task-specific analysis of key-tasks, using a combination of CW 
(early) and user testing (later).” In addition, employing supplementary and triangulating 
methods enables the identification of more aspects of usability to be evaluated (cf. Garmer et 
al., 2002). 
 
Tancredi et al (2012) write the following about ECW and PUEA in relation to other methods: 
“The five methods with their different perspectives on human-computer interaction helped to 
reveal different aspects of interaction. Work with categorisation of the usability issues showed 
that the selection of inspection method affects the type of problem that is revealed. ECW 
reveals more planning issues and SIM and HE2 help to find more translation problems 
instead.” 
Since it is obvious that CCPE needs support from other methods, the question is whether 
these supplementary methods can replace CCPE. Table 6.9 shows a comparison between 
CCPE, UT and HE. All the listed methods can be employed proactively and formatively, so 
they are applicable during the development process – but it is impossible to replace CCPE 
with UT or HE and to search for problems and errors in such an active and exhaustive way. 
Conversely, neither can CCPE replace UT, since CCPE does not include experiments with the 
users who provide actual problems, errors, judgments or experiences. Nor can HE be 
replaced, since CCPE is not an evaluation and assessment of user interface design theory, i.e. 
so-called usability heuristics. 
 
Table 6.9 Comparison between properties of interaction analysis, usability testing and 
heuristic evaluation (derived from table 6.7) 
Method property Interaction 
analysis 
Usability 
testing 
Heuristic 
evaluation 
Can be employed proactively Yes Yes Yes 
Can be employed formatively Yes Yes Yes 
Includes experiments with users No Yes No 
Includes employment of heuristics No No Yes 
Includes active and exhaustive search Yes No No 
Task-independence No No Yes 
High-level perspective (Top-Down) No Possible Yes 
Low-level perspective (Bottom-Up) Yes Yes Possible 
Gives qualitative output data Yes Yes Yes 
Gives semi-quantitative output data Yes Yes Yes 
Gives quantitative output data Yes Yes No 
 
Table 6.9 shows that a combination of UT and HE will be task-independent, have a high-level 
perspective and involve the users. UT includes experiments with users who provide actual 
problems, errors, judgments or experiences. HE has a high-level perspective and includes 
assessment of user interface design theory. 
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When investigating use errors the goal is to determine whether a probability exists, in both 
common and rare cases that can lead to negative consequences. If it is a safety-critical case 
one important point is to ensure that the machine does not cause damage even in rare cases. 
To achieve this, there must be an active and exhaustive study of the interaction, which is not 
accomplished by UT or HE. Moreover, CCPE implies that the analyst plays the role of a user 
and that the task for evaluation is defined, which is not the case in HE. 
 
It should be noted that the design of a machine does not automatically yield good usability 
just because no usability problems or use errors are discovered with the CCPE methodology; 
however, if the methodology detects many serious usability problems and use errors, it is a 
strong indication of deficient usability of the evaluated equipment.  
6.6.3 Output methods 
CPPE primarily identifies individual usability problems and use errors, which mean that they 
belong to the Human Error Identification (HEI) group, where CPPE is assigned to the Human 
Reliability Assessment (HRA) area. To follow the methodology in HRA, methods for Human 
Error Probability (HEP) are a natural continuation of CCPE in risk analysis. ECW and PUEA 
do not calculate the probability that a user will commit errors. Examples of methods that 
calculate probabilities of human error are HEART (Human Error Assessment and Reduction 
Technique) (Williams, 1986) and Technique for Human Error Reduction (THERP) (Swain 
and Guttman, 1983). 
  
Information from the CCPE can also be included in risk analysis methods at a higher system 
level. Frequently employed methods having this aim include FTA (Fault Tree Analysis) and 
ETA (Event Tree Analysis) (Stricoff, 1996). FTA has for example been used in human factors 
work for improving patient safety for radiation therapy systems (Israelski and Muto, 2005). 
The risk analyses themselves have, in turn, no intrinsic value – the results of all methods and 
analyses are fed back into the usability engineering process, and thereby to the product 
development process in the form of requirements or design changes. The goal is to create a 
safer product. 
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6.7 Relationship with research and engineering areas 
That CCPE should function together with the reference framework’s theory and 
processes/methods was a requirement in the methodology development. This means that 
ECW and PUEA should fit into, and work co-operatively with, other methods in these 
processes. 
 
 Human factors and ergonomics 
o Physical ergonomics 
o Cognitive ergonomics 
 Human factors engineering 
 Risk management  
 Product development  
6.7.1 Human factors and ergonomics 
CCPE methodology works in the areas of Human Factors and Ergonomics as its goal is to 
optimize overall system performance by discovering the mismatch between user and artefact. 
With use errors and usability problems arising, the human-machine system functions less 
efficiently than it should. The methodology also relates to human well-being as problems in 
the interaction can affect people negatively, both physically and mentally. 
 
CCPE is specifically related to Physical Ergonomics by considering the human physical 
prerequisites in the interaction, but also by bringing out the physical effects that problems and 
errors can have on humans. The goal of good physical interaction between user and artefact is 
to prevent musculoskeletal disorders (MSD). CPPE's relation to Cognitive Ergonomics is 
clearly identified as a GTS map mental workload while interaction analysis is based on 
cognitive theory and tries to simulate the user's thoughts. 
6.7.2 Human factors engineering and user-centred design 
The application of CPPE is to be seen as part of a larger human factors engineering process in 
which several methods are employed, which was discussed earlier. As noted in the frame of 
reference, the central activities are collection of data from and about the users, conversion of 
these into needs and requirements, and design of the technical system with regard to both 
utility and usability.  
 
 
Figure 6.2 Application of CCPE in ISO 13407 human-centred design activities (ISO, 1999)
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2
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Related to ISO 13407 human-centred design activities, the CCPE-methodology can be 
employed on two occasions in the process (numbered 1-2 in Figure 6.2). The first (1) is to 
evaluate existing equipment during the first activity in order to find existing mismatches. This 
information is then taken as input data for the requirement specifications and for production 
of design solutions. Next, (2), is an analysis of the design during the process. CCPE analyses 
can be conducted in each of the iterations, from concept solutions to final prototypes to 
evaluate if the product satisfies the specified requirements. 
 
Related to the IEC usability engineering process, described in Figure 6.3, CCPE can be 
employed on three different occasions in the process (numbered 1 to 3). The first (1) is to 
investigate (during the initial phases of the process) existing equipment in order to find 
existing usability problems and potential use errors. This information is then taken as input 
data for the design of the new equipment. Next, (2), is an analysis of the artefact under 
development. CCPE analyses can be conducted with equipment throughout production of the 
design, from concept solutions to final prototypes. The last application, (3), is as a validation 
tool to confirm that the equipment released does not contain too serious potential use errors or 
usability problems. However, CCPE is never intended to replace validation with real users or 
to be the only method in the development process.  
 
 
Figure 6.3 Application of CCPE in the IEC usability engineering process (IEC, 2004a) 
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6.7.3 Risk management  
Furthermore, CCPE can be related to risk analysis and the risk management process when the 
prevention of usability problems and use errors improves safety. The methodological coupling 
between risk, use errors and usability problems becomes clear when the overall processes for 
their management are compared. As the survey in Chapter 4 showed, risk handling is 
undertaken by identifying hazards and estimating the risks of hazards. If a risk is too high, 
measures are taken to reduce it. It is then kept under surveillance and, if necessary, a new 
assessment of it is made (Figure 6.4). As for the handling of mismatches (Figure 6.5), it 
begins with identification of a mismatch. Next a judgment is made of how severe the 
mismatch is, and if severe enough it is remedied. The mismatch is then kept under 
surveillance, and assessed anew if need be. 
  
Identify
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Monitor risk
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Figure 6.4 Generic Risk Management Process Figure 6.5 Process for managing 
Adapted from Stricoff (1996)and ISO (2000b) mismatches in the interaction. 
  Derived from Figure 6.4 
 
Working with risks and mismatches therefore has much in common, which demonstrates that 
risk management is coupled with use error and usability problem management. It should thus 
be possible to integrate these processes and handle their respective issues in parallel in the 
product development process. 
6.7.4 Product development 
For CCPE to be really useful the methodology must work within the framework of product 
development. The methodology can be applied in four different ways in a development 
process, three formative and one summative (Numbers 1-4 in Figure 6.6).  
 
The first way is evaluating existing machines on the market (formative) (Number 1 in figure 
6.6). The CCPE methodology is then used to identify needs in the development process, with 
the aim of informing the requirement specification of a new machine. In this case both the 
function and operation levels of the interaction analysis are employed (Chapter 5, Tables 5.1 
and 5.6).  
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The second way is to evaluate concepts of the machine (formative) during the conceptual 
design phase in the development process (Number 2 in figure 6.6). The aim here is to 
examine the design for possible improvements. In this case, only the function level of the 
interaction analysis is employed (Chapter 5, Tables 5.1 and 5.6). 
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1
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Figure 6.6 CCPE applied in the development process 
 
The third way is to perform an evaluation of the detailed design prototypes of the human 
(formative), which is done during the detailed design phase in the development process 
(Number 3 in figure 6.6). The aim is to detect mismatches in the interaction before the 
machine is implemented, in both software and hardware. Here, both the function and 
operation levels of the interaction analysis are employed (Chapter 5, Tables 5.1 and 5.6).  
 
The fourth way is to perform an evaluation of the implemented machine (summative), which 
is done during the implementation phase in the development process (Number 4 in figure 6.6). 
This is done to assess that the developed machine is good enough regarding effectiveness and 
safety in interaction. In this case both the function and operation levels of the interaction 
analysis are employed (Chapter 5, Tables 5.1 and 5.6). Hence CCPE works as well within the 
framework of product development, which was previously also shown for the areas of Human 
Factors and Ergonomics, Human Factors Engineering and Risk Management. 
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6.8 Relationship with mismatches in interaction 
The starting point for the purpose of developing the methodology was that a mismatch often 
occurred between human and artefact. How does CCPE ultimately relate to this? The first step 
takes place in the GTS where both task demands and workload, both physical and mental, are 
mapped. Here it shows if the task demand or workload is too high, which indicates that the 
task exceeds the user's ability. The next step takes place during the actual interaction analysis. 
 
CPPE investigates the problem of mismatches in two ways: directly through errors and 
indirectly through problems. Occasions in the interaction which involve a considerable risk 
are those where an error can have serious consequences at the same time as the user has a low 
probability of acting correctly. It can therefore be said, with some simplification, that CCPE 
studies the risk of the various operations. CCPE both elicits the consequence of errors and 
elicits a judgment of the probability that the user not will act correctly. 
 
Much of the theoretical frame of reference is related to use error, and this is also important for 
CCPE. The methodology is based on the manner of acting that is officially prescribed by the 
manufacturer of the equipment or the workplace where the equipment is found/is to be used/is 
used. The methods investigate deviations from this prescribed manner of action, not from any 
optimal way of using the equipment. The attitude toward use error that the methods embody is 
thus in agreement with the view of use error that the IEC has4. The analysis in CCPE does not 
take a position on “whose fault” a use error or usability problem is. The analysis shows only 
that there is a misfit between user and artefact. Further investigation and proposals for 
measures against this misfit lie in the parts of the usability process that occur when CCPE has 
been completed. 
 
The theoretical section of this thesis has treated the areas of risk and safety as well as usability 
and physical ergonomics, and demonstrated that they are interrelated; low usability leads to 
increased probability of errors, which in turn increases risk and decreases safety but also can 
lead to poor physical ergonomics. There is also a reverse link: a risk exists with every 
usability problem. One can judge the probability of a user acting incorrectly and what 
consequence this may have. The concept of risk can thus be employed to grade the severity of 
detected problems in a usability evaluation, and to rank the problems relative to each other. 
 
Consequently CCPE tries to take a holistic approach on mismatch in interaction. Not only 
does CCPE examine whether the correct way of use (intended by the manufacturer) results in 
poor physical ergonomics; CCPE examines mismatches both in the conditions for interaction 
and in the actual interaction itself, both physical and cognitive. What is special for CCPE is 
that the methodology also focuses on mismatches due to the link between cognitive and 
physical factors, and in this way physical and cognitive ergonomics are integrated. 
 
 
 
 
 
                                                 
 
4 IEC 60601-1-6 defines use error as an “act or omission of an act that has a different result than intended by the 
manufacturer or expected by the operator”. 
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7 Discussion 
The chapter begins with a discussion of the thesis work in relation to important factors 
relating to the development of new products and technological systems. Thereafter follows a 
discussion of the approach for method development and research. 
7.1 Deployment 
CCPE methodology was developed to be useful in the development of new products and 
technological systems and to serve as support in design. The central questions raised are the 
extent to which it is possible to generalise the methodology and how well it fits into the 
process of product development. 
7.1.1 Generalisation  
The developed CCPE methodology is based on two further-refined methods, ECW and 
PUEA, and on the premise that they can work together. One relevant issue is then how 
compatible ECW and PUEA really are – i.e. whether they can be employed simultaneously on 
the same type of equipment with good results, or whether occasions exist when one method 
does not function together with the other. 
 
This issue is relevant as ECW derives from evaluation of simple technical systems, so-called 
“walk-up-and-use” systems, whereas PUEA originates from evaluation of complex systems – 
primarily control rooms in nuclear power plants. The methods have been employed in other 
contexts than those for which they were originally designed, and with expected results, i.e. 
prediction and identification of use errors and usability problems. For instance, ECW has been 
used for evaluating more complex medical equipment such as interfaces on dialysis machines 
(Bligård and Osvalder, 2006b, Bligård et al., 2006a), and PUEA has been used to evaluate the 
simple task of changing the insulin ampoule in an insulin pump (Dahlén and Ullström, 2006).  
 
More generally, Nielsen (1993, p 24) notes that “…many usability methods apply equally well 
to the design of other complex systems, and even to simple ones that are not simple enough”. 
Even so, the developers of CW are not so certain that the method is suitable for more complex 
technical systems. Lewis and Wharton (1997) write for instance that CW is designed to assess 
support for “walk-up-and-use” and that “beyond this level the CW provides nothing but a 
crude inventory of material that users must know to operate the interface successfully.” 
Kitajima and Polson (1996), on the other hand, write that steps in an interaction which are 
hard for novices to learn are also “highly error-prone” for experts – i.e. those tasks that are 
hard to learn will also be the ones where errors may occur most easily, an argument that 
contradicts Lewis and Wharton. This indicates that it is relevant to employ ECW also for 
analysis of complex systems with expert users in order to investigate use errors.  
 
CCPE methodology was for the most part developed and applied during development of 
medical equipment. The areas of use were then spread in different directions, including more 
complex areas such as nuclear power plants (e.g. Oxstrand, 2006). There the ECW analysis 
resulted in valuable information to the operators about feedback from the feed water pumps in 
the control room. The methodology has also spread to simpler consumer products such as 
office chairs and vacuum cleaners (Appendix C and D). The most divergent application was 
in extreme sports where CCPE was used to analyze kitesurfing, as presented in Lundgren et 
al. (2011) and in Appendix E. In Table 6.1 in Chapter 6.1 there is a comprehensive 
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compilation of the different application areas that shows the width of implemented 
applications for CCPE and its included methods. 
 
Development in the end then shifted from medical technology, where a complex machine 
with simple actions such as pushing buttons in the interface was evaluated, to kitesurfing, 
where a simple machine with complex actions in the form of motor balance exercises was 
evaluated. The methodology was judged successful in all evaluations as it was able to predict 
and explain the mismatches between human and machine. 
 
One reasonable conclusion to draw from the evaluations conducted so far is that the 
methodology is useful in all areas where there is active interaction between human and 
machine. Having said that, the methodology needs to be adapted to each individual analysis 
situation to function optimally. 
7.1.2 Suitable for development work 
One highly relevant question to ask is whether there is a need for the methods included in the 
CCPE in the development of new machines, that is, a need for methods to detect mismatches 
between human and machine. The central methods of a product development process are 
evidently the methods that help design the new solution or collect the information needed to 
find a new solution. Methods to evaluate the mismatches between humans and machines do 
not contribute, in themselves, to development of the product; rather, their role is to evaluate 
the proposals in which the development methods have resulted. The CCPE methods are thus a 
form of inspection to ensure that the developed product is good enough. This was precisely 
the goal of the company, described in Paper V, when they used ECW and PUEA in their 
evaluation work. 
 
However, what distinguishes a good method suitable for product development? Norell (1992) 
has developed a list of characteristics for a method to work well in a product development 
process (translation by Almefelt (2005, p 48)). In general the method should: 
 
 "Be easy to learn, understand and apply. 
 Contain accepted, non-trivial knowledge within the areas of interest. 
 Provide support to identify weak spots. 
 Be rewarding to use for different disciplines, leading to the establishment of a 
common reference and shared views. 
 Support co-operation and facilitate a learning effect for users. 
 Contribute to a systematic work procedure. 
 Have a positive and preferably a measurable effect on the outcome of the product 
development work within the area of interest." 
For the individual method user, the method should offer: 
 
 "A high degree of perceived freedom of action 
 Possibilities for a holistic view, solidarity and mutual understanding. 
Possibilities for personal growth and learning through work" 
Another important characteristic for a method, which is highlighted by Rexfelt et al. (2011) is 
that the method should be fun to use. If the method is boring during use, it is less likely that 
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someone will use it. For methods within the area of ergonomics specifically, Stanton (2002) 
has listed six challenges faced by developers of ergonomic methods: 
 
 Developing methods that integrate with other methods 
 Linking methods with ergonomic theory 
 Making methods easy to use 
 Provide evidence of reliability and validity 
 Showing that the methods lead to cost-effective interventions 
 Encouraging ethical application of methods 
 
Regarding why methods, especially new methods, are not employed in the product 
development process, Araujo (2001) has summarized the reasons: 
 
 Lack of reason and interest by the organization in using methods 
 Lack of understanding of how methods can be useful 
 Lack of "appeal"
 Lack of resources such as time, staff and competence 
Defects in the design of methods
 Poor promotion practices 
 Fear of changes 
 Too many alternative methods to choose from 
 Negative attitude towards introducing new methods 
 
This shows that there are causes within the method itself and causes linked to the users and 
the organization that explain why a method is used or not. One prominent factor is that 
methods need to be simple (and preferably fun) to learn and to use. As shown in chapter 6 
CCPE was experienced as long-winded and overly demanding to learn and to perform, due to 
the systematic procedure on which the methodology builds. The fact that the methodology is 
perceived in this way entails a need to further develop the methodology so that it becomes 
easier to learn and use, and thus be more appealing. However, this future modification must 
aim to not simplify the analysis. Chapter 7.3.2 discusses how the methodology can be 
developed further. 
 
Another aspect concerns the fact that the methods should be relevant to use and give a reliable 
and useful result in a product development process. CCPE has been used in several 
development projects in industry and academia and in several master thesis projects at the 
university, as reported in Chapter 5.3. In these studies CCPE has led to results that were 
useful in the development processes.  
 
CCPE has a clear, systematic way of working, which is one quality stressed by Norell (1992). 
Norell further points out the importance of a method to support collaboration between 
different disciplines, create a common picture and understanding, and support learning and 
personal development. More specifically, knowledge transfer and the creation of consensus is 
an important aspect of CCPE and this is dealt with more explicitly in Chapter 7.2, together 
with the need for knowledge. What is of interest to touch on here, however, is that one benefit 
of CCPE during the development process is to communicate usability more tangibly, through 
a systematic method of working, to other engineering disciplines relevant to the process. This 
was an issue raised during the interviews at the company described in Paper V. The 
respondents who used ECW and PUEA stated: 
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 "...good to prove to others that there are problems and where they are (e.g. project 
leaders, others who like numbers)..." 
 "...it is good to have something tangible to point to in this type of engineer-dominant 
company, usability is otherwise usually a bit fuzzy..." 
 "...documentation of what is otherwise done spontaneously, good to have for knowledge 
transfer and backtracking..." 
 "...it is an advantage that it fits into the engineering field, it is easy to convince people, 
quantifiable..." 
 
Focusing on the specific challenges facing methods of ergonomics, the development of CCPE 
has meant improved integration between methods of ergonomics and stronger linkage with 
ergonomic theory (than the original methods). However, the methodology is not perceived as 
easy to use. This thesis has presented preliminary indications of reliability and validity of 
CCPE methodology, but this requires more studies for proper definition. In addition, more 
work needs to be done to judge the cost-effectiveness of CCPE's application for the 
development process. The ethical aspects of method implementation have not been addressed 
in the development of CCPE. The method development tackled some of these challenges well, 
others less well. 
 
As primarily Araujo (2001) points out, there are additional reasons for a method not to be 
used, reasons that are related to the organization and/or the individual, and not the method 
itself. A method is often considered as an isolated phenomenon in its use, and not as part of a 
whole in a development process. The development process consists largely of methods and 
other activities closely related to each other. Chapter 6.6 shows what other methods are 
closely linked to CCPE. It is important, in order for the method to work well, that previous 
steps have been performed in the development process and that they can provide the method 
with the information required. For CCPE to be effective in work with development, it is 
necessary for the development process to have a suitable level of HF work. Otherwise 
extensive preparatory steps will be needed for CCPE before the analysis can be performed. If 
task analysis and user profiling are undertaken during development this will favour a CCPE 
evaluation. Furthermore, it is important that the CCPE results can easily be implemented in 
the ongoing development process. The company dealt with in Paper V used the results from 
CCPE as part of its overall risk management and thus had a suitable way of receiving the 
results, where they were useful. If there is no preparation for these prior and subsequent steps 
when a method is to be used, it easily reduces its effectiveness. A further discussion of the 
methods required for a working process to be able to function can be found in Chapter 7.2. 
 
Based on the discussion in this chapter, 7.1, the theoretical reflection in Chapter 6.3 of 
CCPE’s starting points linked to the development process as well as the detailed description 
in Chapter 6.7 which shows when and how the methodology can be used in the development 
process, it is reasonable to conclude that CCPE is a methodology that is suitable for use in a 
product development process and provides good support for design work. 
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7.2 The users 
Apart from the process and the methods, which have been discussed in Chapters 6 and 7.1, 
staffing is important for effective work (cf. Kaulio et al., 1999). Furthermore, as shown in 
Chapter 7.1 Norell (1992) and Araujo (2001) have presented a number of aspects related to 
the users of methods. It is especially important to discuss the following aspects: 
 
 Knowledge 
 Trust and acceptance 
 Consensus and knowledge transfer 
7.2.1 Knowledge 
Knowledge of the method is a central feature for all use of methods. For example was 'Lack 
of knowledge' identified as by far the biggest reason why the methods are not used, in a web 
survey on use of ergonomic risk assessment methods (Mattes et al., 2012). Other prominent 
reasons were 'Too time consuming' and 'Too complicated to use'. One of the requirements of 
the developed CCPE methodology was that the expected users are engineers with knowledge 
of Human Factors Engineering. When the original CW method was developed, one of the 
goals was to make insights from cognition research available for designers and developers 
without their needing to have in-depth knowledge of this subject. In the case of CW, it was 
knowledge about explorative learning that was made more available. Some studies show that 
novice users of the method, after a short introduction, could use CW and thus profit from this 
knowledge through the method (Green et al., 2000). Nonetheless, much criticism has been 
directed at the fact that CW, especially in its earlier versions, requires knowledge of cognition 
in order to function well. For instance, Wharton et al. (1992) write: “it will be difficult to 
eliminate the need for a cognitive science background both to make sense and to take full 
advantage of the technique”. 
 
Changes made from CW to ECW do not decrease this need for knowledge in cognitive 
psychology; it is not influenced, and perhaps is even increased, by the categorisation of 
problem types. In regard to PUEA, the need for cognitive knowledge has grown since the 
categorisation of incorrect actions was introduced. For example, users of the method require 
knowledge of the Skill-Rule-Knowledge model (Rasmussen, 1983) and the Generic Error 
Modelling System (Reason, 1990) in order to employ PUEA fully. By also including aspects 
of physical ergonomics in the evaluation the method will demand also this type of knowledge 
of the evaluators. Thus, CCPE places higher demands on its users than do the original 
methods. This renders the methodology more difficult to apply, but the necessary knowledge 
in the field of cognitive and physical ergonomics is of benefit in the usability engineering 
process at large. 
 
A method can never replace knowledge, and knowledge is required especially to counteract a 
focus on details as is the case in CCPE. Nevertheless, knowledge about cognition and human 
error is needed primarily in order to design the artefacts, so that the entire development 
process is not based on “trial and error”. CCPE cannot contribute to this by replacing 
knowledge and experience of the area. The CCPE analysis shows what is bad (problems and 
errors) and what the causes are, not directly how to make it good. Hence, practical experience 
and theoretical knowledge about the design of user interfaces, or knowledge about human 
information process is needed throughout the usability engineering process – which means 
that it is unnecessary for CCPE to be designed for users who lack such knowledge. 
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Thus, the expected users of CCPE are engineers with fundamental knowledge of cognition, 
cognitive ergonomics and interface design. However, nothing indicates that the methods 
cannot be employed by other professional groups working with interaction between humans 
and technology, such as industrial designers, psychologists and ergonomists. 
 
It is rarely possible to find a single person who possesses all the knowledge needed to perform 
CCPE optimally. It is therefore a better solution, as previously described in Chapter 5.1.7, for 
CCPE to be performed by a group of evaluators, as knowledge about the methodology is 
needed, i.e. both cognitive and physical ergonomics, as well as knowledge of the machine, 
users and usage. The author of this thesis has successfully served as moderator of CCPE 
evaluations without knowledge of the machine, the user or use. In these evaluations, other 
people in the expert group possessed this knowledge, such as real users. An example of such 
an expert group is in the analysis of kitesurfing (Paper Paper XVI and Appendix E). The 
inclusion of users as part of the evaluation team is very valuable, as they can also be seen as 
users of the methodology. 
7.2.2 Trust and acceptance 
For the method to be useful, the users must accept the method and have confidence in it. 
Results from the study in Paper V showed that the users involved could accept CCPE 
methodology and that they had confidence in it. Nevertheless, it is interesting to discuss 
various factors of CCPE and its use that influence trust and acceptance. 
 
One factor affecting acceptance and trust is the relationship between costs and benefits. One 
of the major disadvantages of CCPE (reported in 6.4) is that the methodology both is, and is 
perceived as, time- and resource-demanding due to its systematic structure. However, the 
hope is that the extensive results that the methodology entails are worth the effort needed to 
perform CCPE. Results from the study in Paper V point in this direction as CCPE is perceived 
as a useful methodology where the quality and the quantity of the outcome are seen as 
valuable. 
 
The usefulness of a result from a method also affects trust and acceptance. As described in 
Chapter 7.1 a result obtained from a method must be identified and taken into consideration in 
the development process. If a user observes that a method generates a lot of results that cannot 
be used, this can lead to reduced trust in the method. An example from the study in Paper V 
shows that professional users of the methodology from the company saw direct benefits in the 
long-term perspective with the advanced search for mismatches between human and machine, 
since it brings about safer development of medical devices. The same does not apply when 
students use the methods for training purposes in order to evaluate a product. Their generated 
results will rarely benefit an ongoing product development process. However, the systematic 
process and the structure that define the quality of the results have a downside in that the 
study in Paper V showed that users felt the methodology was exhausting and that it was 
difficult to maintain the level of concentration needed to achieve good levels of performance. 
 
One aspect that clearly affects trust and acceptance of the method is the relationship to the 
result. What is especially interesting for CCPE methodology is when there is a "zero result", 
i.e. when few serious mismatches are detected during analysis. For a developing company a 
"zero result" is the desirable result, showing that the product has been developed with regard 
to usability problems and use errors. Finding few errors and problems may increase 
acceptance of, and confidence in, the method, as it can also show that something is good. For 
students, however, a "zero result" can be less good since they may wish to find mismatches 
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that can be presented in the project report and find problems and errors as a basis for 
improvement in the redesign. The interview study in Paper V indicated that students may 
become suspicious if the methods really work or wonder if they made a mistake when they 
performed their analyses. There was also feedback to the effect that a "zero-result" made the 
methods even more boring to perform since they do not provide any interesting output, which 
means that it is easier to lose willpower and concentration during execution. The result 
therefore is that acceptance of and confidence in the methodology can be reduced. 
 
Something that also affects users' relationship to a method is recognition and familiarity. It is 
easier to gain acceptance of and trust in something you are familiar with if it works well. A 
clear indication of this is the study in Paper V, where the majority of the students indicate that 
the methodology was easy to learn, which is probably due to their habit of using these kinds 
of methods. During their education they had come into contact with the original methods, 
Cognitive Walkthrough (CW) and Predictive Human Error Analysis (PHEA), from which 
ECW and PUEA evolved. The same was true for the company in Paper V when professional 
evaluators used PUEA. This method has considerable similarity with the method for technical 
risk analysis, FMEA (Failure Mode and Effect Analysis) (Taylor, 1994) that they used before. 
It was basically just a matter of saying that PUEA was similar to FMEA, but for evaluation of 
human error rather than technical errors. Then they understood what the method was about. 
Both PUEA and FMEA are types of tabular data analyses, and basically work in the same 
way. 
 
CCPE is designed to be a flexible methodology that can be adapted as needed. However, this 
also creates a problem as it becomes a method that cannot be used "off the shelf" but instead 
requires adaptation, which takes time and requires knowledge and experience. The fact that 
initially the methodology is difficult to use can reduce its acceptance, since it becomes more 
difficult to fit into a stressed development where there is little time for adjustment, education 
and training. Flexibility is therefore a double-edged sword in this case. 
 
When it comes to CCPE there is another aspect that affects acceptance and trust. This is the 
relationship between the formal and the non-formal, whereby the methodology can create an 
illusion of objectivity. The methodology has a systematic, structured and complex framework 
that can be interpreted as though the analysis is independent of the person or persons 
conducting the analysis. However, at the analysis stage itself it is still a subjective assessment 
that forms the basis for the errors and problems listed. A possible reaction may thus be 'Why 
do all this groundwork for ultimately just guessing?'. This attitude can reduce confidence in 
the methods as you do not see the benefit of following a structure for your thought process, 
especially when empathy (being able to think like an actual user) and imagination are 
essential skills for a good analysis. 
 
Another effect that can arise is that the performer of the analyses can drown in the process, 
i.e. applying the methods according to the template and following the methodology structure 
becomes more important than performing the analysis itself in an effective manner. This may 
reduce confidence in the methodology. Examples of this are described in the study in Paper V 
where one of the respondents said regarding ECW / PUEA: "... time-consuming, much of the 
same thing, the same answer to many questions, especially if it is a good product ...". As 
CCPE has the extensive structure that it has, there is a danger that it becomes difficult to 
absorb. The point that CCPE is designed to be adapted for every occasion is thus missed. One 
possibility not explored is to create guides and other support to lead the user into choosing an 
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appropriate level of analysis. This is a possible future project for developing the methodology 
further. 
 
An interesting reflection on changes in trust and acceptance was made by the author in the 
analysis of the emergency patient stretcher described in Chapter 5.3.3. The author was the 
moderator and in the interaction analysis there was a user of the existing product as well as an 
educator on the product. When the CCPE analysis began, these people were initially very 
sceptical about the procedure of actively looking for problems in a product that they used and 
thought worked well. However, after they realized that the problems and errors detected often 
were relatively simple to remedy in a redesign, they became more sympathetic towards the 
methodology. After the analysis, they commented that they never imagined there were so 
many opportunities for improvement that they had never thought of before, for a product with 
which they came into contact regularly. The CCPE methodology and its process had led them 
to think in completely new ways. If they have done the analysis themselves, without the 
author as moderator, they would very likely have got stuck in the structure and the systematic 
approach of the methodology. 
7.2.3 Knowledge transfer and consensus 
For a successful product development project, knowledge processing, communication and 
collaboration are essential building blocks (Sun et al., 2010, Büyükzkan and Arsenyan, 2012, 
Westling, 2002, Persson, 2005, Cross and Clayburn Cross, 1995), which makes it interesting 
to discuss if the use of methods as CCPE contributes to this. It can be argued that methods 
like CCPE contribute through knowledge transfer and created consensus within the project 
group as the method is performed in groups. 
 
During method use there is an exchange of knowledge among users. A dialogue is generated 
in which the evaluation team together learns more about users, usage and the machine. This 
leads to the creation of a common picture that evaluators can use as a starting point for their 
continuous work in product development. If end users participate in use of the method, this 
means that they convey their knowledge to the technical developers, while developers in their 
turn can pass on knowledge about the potential and limitations of the technology. This leads 
to a learning process for everyone involved in the evaluation, something which Norell (1992) 
emphasized as an important characteristic of a good method. Norell also highlighted the 
importance of the establishment of a common reference and a shared point of view. This 
means that if the evaluation team reaches consensus on what the detected problems and errors 
are and why they exist, then that is an important part of the method's content. Consensus 
makes it easier to repair any detected mismatches in design work. If different images exist 
among evaluators, this complicates the design process. 
 
The results of the study in Paper V show that both professionals and students believe that 
CCPE is a good basis for group discussions and that it is good at creating consensus among its 
executors. Getting the evaluation team involved is something that Wixon (2003) argues in 
favour of when he claims that the method encourages participation. Buy-in and collaboration 
are crucial for a usability method to work in a development process. CCPE not only provides 
information about the mismatches in the interaction; the actual process of using the 
methodology also helps in the development process through the creation of knowledge 
transfer and consensus. 
 
This coincides well with the author's own experiences of using CCPE in development work in 
the field of medical technology, primarily described in Bligård (2003, 2004). Using HTA and 
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PUEA resulted in extensive knowledge dissemination within the evaluation team, both about 
use and user, as well as the machine. One can say that execution of the methods forced the 
project to clarify and define the actual use of the product, which resulted in everyone having 
the same view. It is the author's belief that the benefits in terms of knowledge transfer and 
creation of consensus in the group was at least as significant as the utility of the identified 
mismatches, seen from the development project in its entirety. The effect of the method is not 
only the protocol reporting the results but also the development of knowledge and 
understanding among performers that arises from use of the methodology. 
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7.3 Usefulness 
Even if a method can be generalised and fits into the development process, and the users have 
knowledge of and confidence in the method, it must also lead to a useful result. Chapter 7.3 
discusses how and why methods like CCPE work and how to go ensure that they work even 
better. 
7.3.1 How the methods work 
One central criticism that is often presented by users regarding methods that are not based on 
empirical studies is that they lack a connection to reality and that they therefore do not 
provide realistic results. Criticisms of methods such as Cognitive Walkthrough and Heuristic 
Evaluation maintain that the reliability of the method results can be questioned since the 
results are based on a subjective judgment of the evaluator (Stanton et al., 2005). Petrie and 
Power (2003) clarify this criticism: 
 
 low overlap between usability problems proposed by expert evaluations and user 
evaluation;  
 different experts or groups of experts produce different problem sets;  
 expert evaluations over-emphasize low-severity problems at the expense of high-
severity problems 
 
However, when using the methods in the development process, it is important to consider 
whether a particular method gives any value compared to not using any method at all, or using 
a different method. 
 
The comparison in Table 6.8 in Chapter 6.5 showed that there were benefits to using expert 
methods compared to not using any method at all, while Table 6.7 shows that different 
method approaches cover different aspects of the evaluation of interaction. Furthermore, 
Chapter 6.6 shows how the methods can be combined to provide a more comprehensive 
interaction analysis. For example, in a study where Heuristic Evaluation was compared to 
Usability Testing, de Cook et al. (2001) showed that Heuristic Evaluation gave information 
about why and when, while usability testing provided information on what and how. 
Furthermore, in terms of resources it is not reasonable to use usability testing to examine all 
possible user errors that may occur during interaction with a machine. What is crucial is to be 
able to assess the use of each method, to get the best analysis results and not to exclude a 
group of methods if there is no better alternative. 
 
It is also interesting that within the more classic engineering sphere there are a number of 
methods based on subjective assessments for analysis of technical systems (Stricoff, 1996). 
For example, classical engineering often uses methods such as Hazard And Operability Study 
(HAZOP) and Failure Mode and Effect Analysis (FMEA) (Taylor, 1994) which work in the 
same way as ECW and PUEA, guide the user in the evaluation through a structure and 
questions. The advantages of HAZOP and FMEA are that it can be difficult, costly and 
extensive to test how technical products/systems can fail in reality. Moreover, in some cases it 
is dangerous and even impossible to carry out real experiments, for example during risk 
analysis in nuclear plants. 
 
Specifically for the thesis, Chapter 6.5 demonstrated the pros and cons of different approaches 
for methods and examined what it is that makes theoretical methods, such as CW, PHEA and 
CCPE, actually work, something that the summary in Chapter 5.2 indicates that they actually 
do. Although the methods provide a systematic structure to search for problems, it is still the 
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evaluators (the humans) whose own assessments deliver the results, i.e. assessments which by 
nature are subjective. Thus, it is the human who uses the method that makes it useful, as is the 
case with most methods. 
 
However, if it is human participation that is important in the method, why not simply ask 
users and experts about potential use errors and usability problems? This is evidently a 
possible solution, but the systematic structure of the method gives added value that allows 
more potential problems to be detected. In Chapter 6.2 the comparison between the different 
methods is also discussed. But why do the logic and structure of a method in this case cause 
more use errors and usability problems to be detected? Possible explanations can be found 
when studying human thinking in method use. Thinking is described as "... a process by 
which a new mental representation is formed through the transformation of information by 
complex interaction of the mental attributes of judging, abstracting, reasoning, imagining, 
and problem solving" (Solso, 2001, p 417). What is particularly interesting here is the actual 
problem-solving. 
 
The structure of a method implies that humans think in new ways compared with free thinking 
without structure. We know that people can get new ideas through assistance to associations 
(Solso, 2001). A structure and a systematic approach also help the user understand the 
problem better, in this case to detect and identify presumptive use errors and usability 
problems by focusing the user's actions and providing guidance in thinking. Understanding 
the problem itself is the basis of problem-solving (Maltin, 2009, Reisberg, 2001). 
 
One thing that is important to avoid is for people get stuck with a fixed idea during problem-
solving, that is to say being left in old thought processes and unable to think differently. This 
is termed functional fixedness (Solso, 2001, Eysenck, 2012, Groome and Brace, 2006). The 
structure and logic of the method can force the user to think in new ways by asking questions 
related to all aspects of the interaction, so that the user does not only focus on certain parts. 
The method thus helps users to think in a new mental set, where the mental set is "a readiness 
to think or act in a given way ..." (Eysenck, 2012, p 314). 
 
The structure and logic of a method may also facilitate in that it represents the problem-
solving strategy that the user needs in order to perform the analysis optimally. The way a 
problem is represented plays a big role in how easy it is for a human to solve it (Solso, 2001, 
Groome and Brace, 2006, Maltin, 2009). Here the method helps steer the analysis in such a 
way that user knowledge will be used better, compared to not having any structure and 
systematic approach. 
 
One aspect linked to problem-solving is that the method also provides the user with the right 
amount of information, since both too little and too much information would make problem-
solving less effective (Solso, 2001). A method's structure and systematic way helps the user 
focus on the right things by removing unnecessary information. At the same time it clearly 
spotlights what information needs to be considered. In the case without a method, the user 
gets no support regarding what information to consider. 
 
The above reasoning is supported by statements from persons in the interview study described 
in Paper V. There the respondents regarded ECW/PUEA as follows: 
 
 "... a structured method for considering one situation at a time..." 
 "... really must go deep and think through all situations..."  
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 "... give an objective view, need to analyse all steps of the task that has become obvious to 
oneself..." 
 "... a very methodical way, have to consider every part of its use..." 
 "... extensive method where you consider everything, even if not assessing everything to do 
with the method..” 
 "... being forced to think about everything that can go wrong ..."   
 "... good structured way to think through the product, makes one take it seriously..." 
 "... the systematic method of assessing the problem, a common judgement, makes it easier 
to be critical toward something you have developed yourself..." 
  
To summarise, it can be said that although the structure and scheme of the CCPE 
methodology is perceived as a barrier by some users (see for instance Paper V), this is what 
gives CCPE its value. However, as pointed out many times previously, the users of CCPE 
have to have knowledge of the users of the machine and the use, to deliver a good analysis 
results. CCPE functions as a catalyst in the method users' cognitive process. 
7.3.2 How to get the methodology to work 
The reports in Chapter 6 and Chapter 7 have this far touched on many aspects that show how 
the developed methodology fits into a development process and various weaknesses in the 
development methodology, and also discussed problems that methods in product development 
generally face. One key issue in this context is whether anything other than the methodology 
itself can be altered to counteract its weaknesses and get the methodology to work better. 
Table 6.8 in Chapter 6 shows a link whereby the better the analysis of the method is, the more 
time the method demands and the more time it takes to learn the methodology. Araujo (2001) 
pointed out that there are factors in the organization and the individuals that obstruct use of 
the method. Methods generally require good input to function and output must be taken care 
of for the method to be effective. This is a clear indication that external conditions are also 
necessary for the method to work. 
 
The PRE-process (Kaulio et al., 1999) identifies methods, processes and staffing as three 
central elements for successful development work. It can therefore be argued that many of the 
weaknesses perceived of CCPE probably would not be as prominent with ergonomics in mind 
in the processes and trained users. This has also been discussed in Chapters 7.1 and 7.2. 
Changes that would be likely to occur with trained users and matching product development 
processes are the following: 
 
 The methodology could easily be adapted to suit the intended purpose, so it will not be 
unnecessarily complex 
 The moderator for the interaction analysis would adapt the questions so that the 
analysis is not perceived as tedious and boring 
 The information in the system description phase already exists so no extra time needs 
to be added before starting the workload analysis or interaction analysis 
 All results produced by CCPE can be utilized in some part of the development process 
so that no step in the methodology is perceived as unnecessary 
As previously discussed, it is difficult to make changes in the actual execution of CCPE to 
make it easier and quicker to perform and learn, since it is the structure, the systematic way 
and flexibility that create the usefulness of the methodology. However, even if the CCPE 
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methodology itself does not have to change, there are other possibilities. Three areas where 
significant benefits can be obtained by making CCPE easier to learn and perform are: 
 
 Create a computerized version that reduces the need for manual administration. For 
instance, creating lists and matrices directly from filled out templates. 
 Create practice material that helps users grasp the methodology in steps small enough 
to not be overwhelmed by its complexity and terminology, and provide support in how 
the methodology will be adapted to different evaluation cases. 
 Create a selling description of CCPE which clearly highlights all the benefits of the 
methodology, including factors such as consensus and knowledge transfer, and clearly 
describe the usefulness of the results provided by the methodology provides. Also, 
clarify what is required of the development process and methodology users for CCPE 
to work optimally. 
If these three points are met CCPE has a larger possibility than today to become a more 
widely used methodology during product development. However, much of the success of a 
method such as CCPE depends on factors that are beyond the methodology, such as the 
structure of the development process and the user skills. It can be argued that methods should 
be adapted to the processes and the users that already exist, which is true in many cases. 
However, if methods with better performance are desired, users and processes must also be 
challenged so they become better as a whole. Otherwise there is a risk that there will be a 
lock-in within method development and sub-optimization towards existing users and 
processes. Methods, processes and users (staffing) together generate the usefulness of product 
development (Kaulio et al., 1999). These therefore need to be considered in a system where 
all parts must be optimized together. A method is never better than the process in which it is 
used, and never better than the knowledge held by those using it. 
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7.4 Method development and research approach 
Chapter 6 and Chapter 7 have thus far discussed the developed methodology. This section 
discusses the actual methodology development and the approach to research. CCPE is a 
structured and systematic methodology, but the work to develop the methodology was not 
structured and systematic. As described previously, the methodology emerged from a number 
of implementation projects in industry and academia where the goal was to evaluate 
machines. In these projects there were insufficient resources to implement more systematic 
method development and evaluation of the included methods. Although the developed 
methodology achieved its goals, there are weaknesses in the way the method development 
was performed. 
 
The first weakness is that there has been no analysis of whether the original methods, CW and 
PHEA from which the methodology originates, actually are the best methods from which to 
initiate development work. There may well be other methods that are better in their basic 
design and thus may have resulted in a development that delivered further progress. 
Furthermore, there was no structured and systematic evaluation of these methods to state what 
really are their pros and cons in a process. Another weakness is that the actual development 
work of the new methods was not systematic but rather "trial and error", where various ideas 
were developed and then tested. Various proposals for change to improve the original CW and 
PHEA methods were not set against each other to decide which one was best, and so on. 
 
Another weakness in the method development is that there was no detailed documentation of 
how the whole process actually came about – for instance, how different proposals for change 
were selected, how they were evaluated, or why they were kept or rejected. After the diverse 
supplements to the methods were made, however, there was a recapitulation of what did or 
did work. As described earlier, the reason for this procedure is that the methodology 
development was a spin-off from a number of projects with other aims than that of developing 
methods. This makes it hard to reflect on the development carried out and to draw conclusions 
– about how method development is conducted, and what functioned poorly or much better – 
that are more specific than the general terms of the discussion.  
 
The biggest drawback of the development work is that there was no evaluation of whether the 
usefulness of the methodology was improved by the achieved development or whether the 
usefulness was already embedded in the methods on which the methodology is based. In other 
words, no systematic validation has been undertaken of ECW as being better than CW at 
detecting and identifying usability problems, or of PUEA as being better than AEA, SHERPA 
and PHEA at detecting and identifying use errors. Nor has the methodology been tested to 
find out if different evaluators come to the same end result or if evaluators performing the 
methodology two different times would generate the same results. Reliability is therefore not 
explored. 
 
So what then is the strength of the method development that makes it worthy of a thesis? 
There are of course a number of strengths. The first is that the method development was based 
on the problems that existed in real projects. CCPE thus solves real problems. The 
development of ECW and PUEA occurred during real projects in industry that directly 
demonstrated that the methods do work. CCPE is thus not a desktop product developed away 
from the context in which it will be used, instead CCPE is a direct result of the contextual 
conditions. The same applies to the author of the thesis that developed the methodology. The 
methodology grew out of the needs that the author experienced as a user of existing methods, 
and he personally experienced that the different methods work. The methodology presented in 
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the thesis is thus not a possible proposal, but something that actually has been tested and used 
by both the author and several other evaluators – research colleagues, engineers in companies 
and students. 
 
The full methodology and parts of it have thereby been used in many evaluations. The 
methodology has also been used to study human-machine interaction in several different types 
of machines. Starting with medical equipment and its user interface to kitesurfing equipment 
and seat belts that require a mixture of physical and cognitive interaction. The fact that the 
methodology has been successfully used by many people in various applications is a strong 
indication that the method development was successful, although there are a number of 
weaknesses in the actual development work. 
 
Another strength of the method development is that it is founded on a deep theoretical basis, 
in terms of method, theory and theory of interaction between human and machine. This means 
that the developed methodology does not float freely, but instead builds on existing 
knowledge and methods which have made method development easier and simpler to 
perform. Method development has also taken place within the thought of application area 
(Product Development Human Factors Engineering and Risk Management), and with this area 
in mind so that the developed method fits into the framework. 
 
The research approach used in the method development was successful in the sense of having 
led to a result in terms the methodology. The approach, similar to action research, where the 
method developer himself/herself employs the methods undergoing development means that 
he/she personally experiences and discovers the respective strengths and weaknesses of the 
methods. This yields first-hand information instead of second-hand experience, for instance 
by interviewing others who have used the method. The immediate interaction with the method 
also enables the developer to directly test proposals for changing methods and to evaluate the 
proposals. 
 
Another advantage of this way of working is that it helps bridge the gap between theory and 
practice – in this case, the gap between research and industrial applications. Since the method 
developers personally employ the methods in actual industrial projects, knowledge can be 
disseminated to the industry at the same time as experience from the industry can be 
distributed to research. If several individuals apart from the method developers are involved 
in an industrial project, this also means that the method know-how is spread within the 
organisation.  
 
A further benefit of applying the methods in real development projects is that it becomes 
possible to discover pros and cons from a developmental perspective. The methods and the 
methodology are intended to be employed in industry, so it is essential that the method 
development be based on this, not on advantages and drawbacks, which would arise if the 
methods were employed as research tools. Application in the right environment allows the 
methodology to be adapted to this environment, with the problems that may arise there. The 
methods’ usability is important and to ensure it, the methods must be evaluated in their 
intended environment with the intended users, not in a research environment with researchers 
as users. Further, applying the methods in their correct environment implies that the intended 
users get to try the methods and gain trust in them. 
 
However, one weakness with this approach, and consequently with the methodology 
development, is that the central source of information was a single person, the author. Having 
said that, the development occurred through an exchange of ideas with colleagues who 
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worked in parallel. Nonetheless, the methodology was also used by other people than the 
author, contributing input information from several people to the method development. 
 
The fact that the research was problem-driven has had a major impact on the development 
work as outlined in Chapter 3.1. That the problem, i.e. the shortcomings in existing methods 
has directed the research, has meant that research has not directly been driven by theory or 
method, but the focus has been to find a solution instead of developing new knowledge. The 
advantage of this approach has been that a relevant problem has been solved by developing an 
improved methodology. The disadvantage has been that there is no template to work with, i.e. 
no given theory or method to relate to, which made the development workless systematic and 
structured. For example, there were no predetermined research questions that could lead the 
work. 
 
The research work was problem-driven and occurred in different projects, which had a 
purpose other than to develop the methodology. This meant that it was more difficult to 
evaluate the reliability and validity of the methodology. It was rarely possible to compare the 
developed methodology with the original methods as the projects have not contained 
resources for using new methods that may not analyze what the project asked for. Due 
particularly to lack of time and resources it has seldom been possible for other individuals to 
use the methodology in parallel with the developer so as to compare the results of the 
evaluation between two users. Furthermore, it was difficult to compare the results of the 
methodology with empirical data, the results of the methodology were used to improve the 
machine before any empirical attempts were made. Therefore, the evaluations presented in 
Appendices A-E were conducted so that a comparison between the analytical evaluations of 
CCPE could be undertaken with usability tests to see if the same usability problems and use 
errors were found. 
 
A more classical approach of method research could be to begin by studying the literature on 
existing approaches, and then conduct separate studies of these methods to examine how they 
have to change, and finally suggest what improved methods should look like. If the CCPE 
methodology had already existed, and the goal of the research had been to evaluate it to 
determine its qualities, it would also have involved a different approach than the one 
described in this thesis, with more comparative testing of the methodology. Although research 
at this detailed level differs from more traditional research approaches based on the overall 
theme of the hypothetic-deductive approach, which is a common way of conducting research, 
this thesis can be seen as a different and hopefully a complementary way to conduct research 
and generate new knowledge. 
 
The effect of the scientific knowledge built up from the research approach is that the new 
knowledge developed is not within a specific range, but is instead in many different areas. In 
other words, there is more width than depth to the scientific knowledge built. It can be seen 
that the work here has not moved up top on the research front, but that it has instead woven 
together loose parts of the front and integrated these elements into a whole. This is seen 
clearly in the quantity of theories that form the basis for the methodology development, which 
is reported in Chapter 4, and by the methodology linking the different theories on which it is 
based, for example physical and cognitive ergonomics. I regard this as a strength in the 
construction of knowledge. Research often focuses on creating new narrowly focused 
knowledge at the front and on top of the research. If this alone occurred the knowledge would 
eventually consist only of small islands of deep knowledge that had no common connection. I 
consider it important to develop a desirable web of integrated knowledge that creates a whole 
and gives meaning. This was done in the development of CCPE methodology.  
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7.5 Fulfilment of purpose and goal 
The purpose of this thesis work was to provide improved support for the developers in 
handling and preventing mismatches between user and artefact early in the product 
development process. The goal of the work was to use existing methods to develop an 
improved Human Factors Engineering methodology for predicting, identifying and presenting 
presumptive mismatches in the interaction between user and artefact. 
 
The work resulted in a methodology with four refined methods, Generic Task Specification 
(GTS), Enhanced Cognitive Walkthrough (ECW), Predictive Use Error Analysis (PUEA) and 
Predictive Ergonomic Error Analysis (PEEA). This methodology was named Combined 
Cognitive and Physical Evaluation (CCPE). The main starting points were to develop a 
methodology to try and detect as many potential mismatches as possible, to increase the 
likelihood that no mismatch that can have serious consequences goes unnoticed, even if it is 
not frequent or probable. CCPE was developed based on analysis of medical technology, 
where security is of paramount importance, and for it to then be extended to other domains. 
CCPE also helps create the basis for consensus and knowledge when it is performed in 
groups. 
 
The thesis has presented the methodology and the included methods in detail and the way they 
have evolved over a long period of continuous further development, through the use of a 
number of projects both in industry and academia. Along the way, through this long method 
development process, a need for further in-depth evaluation of the interaction was realized in 
order to get a complete picture. This means that CCPE methodology ultimately provides 
analysis of both physical and cognitive aspects of the interaction, which must be considered 
together to gain an overall perspective. The thesis has also pointed out the theoretical basis of 
the methodology and the way the methodology has been applied in a number of projects, 
where the individual methods contributed by investigating mismatches in the interaction 
between humans and machines. The strength of the presented work is that the methodology 
has strong connections to both practical application and theoretical depth. On this basis, a 
reasonable assessment should be that the purpose and goal of the thesis have been fulfilled. 
 
To sum up the performed methodology development, CPPE is an efficient, but not yet 
sufficient, tool for investigating mismatch between human and artefact. However, machines 
(and products and technical systems) with few usability problems and use errors found in an 
evaluation with CCPE cannot automatically be said to have high usability. As explained 
previously, there are many aspects of usability besides a low probability of errors and 
problems. Rather, CPPE must be seen as a verification that the products will not cause use 
errors. Other methods are also needed that work both in series and in parallel with CCPE, 
since the latter does not cover all aspects of usability. Furthermore, the quality of the results 
from the analysis with CCPE also depends on the methods for providing the input data.  
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8 Conclusion 
The chapter describes the general conclusions and possible future work. 
8.1 General conclusions 
The goal of the work was to develop an improved Human Factors Engineering method for 
predicting, identifying and presenting presumed mismatches in the interaction between user 
and artefact, based on existing methods. This goal has been fulfilled with the development of 
the CCPE methodology. The CCPE methodology proved to be useful in that it was 
successfully used in projects in different domains. The main idea behind the CCPE 
methodology is to offer a work process for detecting as many potential mismatches as 
possible in order not to miss any serious problems and errors. 
 
The CCPE methodology detects and identifies mismatch in interaction through a structured 
and systematic process that supports executors’ cognitive processes by leading and 
broadening the thinking. One strength of the CCPE methodology is that it can detect 
mismatch in the interaction between human and machine without requiring empirical tests 
with users. This simplifies the development process because after a CCPE analysis has been 
done, it is possible to sort out bad design solutions before implementing empirical tests with 
real users. The usability tests can thus be performed with an improved prototype or machine. 
The idea of  CCPE is thus not to replace usability testing but instead to contribute to usability 
testing being used more effectively in the development process. 
 
One further strength of the CCPE is integrated analysis of mismatch in interaction. CCPE 
searches both for interaction errors and interaction problems and integrates the Usability 
Evaluation and Human Reliability Assessment areas. Consideration was given to both 
physical and cognitive aspects, and physical and cognitive ergonomics were also integrated. 
CCPE analysis thus becomes coherent and demonstrates a holistic perspective because it 
spotlights many aspects that work together during interaction and that often influence each 
other. 
 
The CCPE methodology and its constituent practices are perceived by users as a useful tool 
that provides relevant results. However, CCPE methodology is also perceived as complex and 
time-consuming as it contains many elements and concepts. CCPE methodology is therefore 
not a "quick and dirty" method, but requires training and basic knowledge in cognitive and 
physical ergonomics to be efficient to use. This disadvantage is compensated by the fact that 
CCPE generates a comprehensive result (both in content and scope). The methodology was 
further developed primarily to be used in development processes by engineers with training in 
human factors engineering, but other professionals such as industrial designers, psychologists 
and ergonomists can also make use of the method in their respective areas. CCPE also shows 
an additional significant advantage in that it is a methodology that can build consensus and 
provide knowledge exchange between participants during execution. 
 
The CCPE methodology is based on and relates to theory in the area of methodology. The 
theoretical examination has shown that there are clear links between risk / safety, interaction 
problems (physical ergonomics and usability) and interaction error (use error and ergonomic 
error) and that these are dependent on one other. Furthermore, the theoretical examination 
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highlighted that the management of usability problems and use error has much in common 
with the management of risk and that there is a probable link between risk management, 
management of usability problems and use error. In order to create safer machines, potential 
use error and ergonomic errors must be analyzed and corrected. 
 
The developed methodology and its methods are intended to be used during the product 
development process. In this process, there are often other human factors engineering 
methods that work both serial and parallel with CCPE, such as usability testing. CCPE can be 
seen as a good but not sufficient tool for examining interaction problems and interaction 
errors in the product development process. CCPE needs to be complemented in the process in 
order to cover all areas of ergonomics (both physical and cognitive), with other methods and 
theory which not only focus on the possibilities of making errors in the user interaction. 
CCPE thus functions better if there is a product development process with a user centred 
focus from the beginning. 
 
The basis for CCPE to become a method that works and focuses on the whole system is due to 
has been that the methodology was developed iteratively, it was used and modified several 
times in the industrial, research and student projects. As a result, its structure and content can 
be said to be thoroughly tested. Furthermore, the development of CCPE methodology shows 
that a research approach based on action research may be an appropriate approach to use in 
method development. Without a method developer personally using the methods and 
experiencing its advantages and disadvantages, it is difficult to create good and useful 
methods. Without this experience, it is likely that the proposals will be only desktop 
proposals. After the developer himself has tested the methods, other people used the methods 
too. The developer participated in sessions to gain information on how the methods worked, 
using this information to iteratively improve them in several stages. 
 
The conclusion is that CCPE methodology has much to contribute to the evaluation process of 
design solutions and prototypes in product development’s various phases in the product 
development process, so that the machine ultimately improves from a user perspective and 
that fewer problems and errors arise in interaction when the product is on the market. The 
benefits of technology will thus benefit humans better. The main reason for this is that CCPE 
evaluates cognitive ergonomics and physical ergonomics in an integrated way. This makes it 
easier to capture the whole picture of the interaction and prevent a split between mind and 
body. The human being is a whole unit in which both body and mind work together. This 
needs to be taken into consideration during product development to avoid mismatch between 
human and artefact. Studying physical ergonomics and cognitive ergonomics separated from 
one another makes the connection more difficult to handle. 
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8.2 Future work 
Continuous work with CCPE is possible within several areas: 
 A promotional text about CCPE’s use and advantages 
 Better description of the methodology and how it can be adapted 
 Making of computer programs for tables, matrices and so on 
 Inclusion of body posture and body load 
 Extended user testing 
 Validate CCPE against other evaluation methodologies 
 Testing of CCPE during the development process 
 Collaboration with other HFE methods 
 Increase the ability to generalise 
The first three areas above show possible interventions to make CCPE more suited for a 
product development process. A description promoting CCPE is needed that clearly highlights 
all the benefits of the methodology, including factors such as consensus and knowledge 
transfer, and a clear description of the usefulness of the results provided by the methodology. 
It should also clarify what is required of the development process and method users to make 
CCPE function optimally. 
 
It is necessary to create educational material that helps users grasp the methodology in large 
enough steps not to be overwhelmed by its complexity and terminology, while at the same 
time providing support in how the methodology can be adapted to different evaluation cases. 
There also need to be examples of both simple and complex machines that show CCPE’s 
ability to generalize and how it works for different applications. 
 
Creating a computerized version that reduces the need for manual administration is an 
improvement to reduce the time required in result presentation. Tables and matrices would 
thus be created directly from the templates loaded directly in the computer program. Such a 
software program would also be very helpful in both learning and implementation of the 
methodology. 
 
In the current version of CCPE there is no evaluation of body posture and body load during 
interaction analysis. One suitable area for future work is to thus integrate this in CCPE in a 
structured way. 
 
Since CCPE methodology was formed its present design in the last iteration of the thesis, it 
needs to continue being tested by new users to find further improvements. As CCPE is meant 
to be an active methodology, the action research spiral is meant to be an integrated part of 
CCPE. 
 
Another area for further development is use of the methodology by other users. The analyses 
with ECW and PUEA were mainly carried out by the author. The methodology needs to be 
used by more people to ascertain if the method’s results do not only depend on the author’s 
own knowledge. 
 
The full CCPE methodology also needs to be validated in order to better identify the strengths 
and weaknesses against other evaluation methodologies and methods. CCPE cannot currently 
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be said to be a fully completed validated methodology; instead, further development is needed 
for additional improvement and adaptation to different target groups and evaluation situations. 
 
CCPE methodology can be adapted to evaluate interaction between human and machine. This 
ability to adapt makes the methodology complex and a possible path of future work is 
therefore to provide clear descriptions of how CCPE can be adapted for analysis of different 
systems. A clear description of the adjustments will make it easier for new users of the 
methodology to use it effectively and thus benefit more from it. 
 
Even if CCPE was developed with the product development process in mind, no formal 
testing of its possibilities to function a real process has taken place. Further work could focus 
on applying CCPE in a structured way during a product development process in industry, and 
then evaluate the results. 
 
No formal testing has been done on how CCPE interacts with other HFE methods, for 
example in a real development process in industry. CCPE is not intended to work 
individually, which means that studies are needed about which other methods work with 
CCPE and how integration between the different methods will be conducted. 
 
Although CCPE has shown to work in many different domains, it is still important to subject 
CCPE to further testing in other areas in order to better map when, where and how CCPE 
works. This gives CCPE increased ability to generalize but also helps future methodology 
users in different domains to know if, when and how CCPE is to be used. 
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A.  Appendix A: PEEA 
Evaluation of ergonomic errors in the interaction with computer mice 
Human factors analysts: Lars-Ola Bligård (LOB), Anna-Lisa Osvalder (ALO) and Magnus 
Renström (MR). 
 
The results from this evaluation should also be published later with another purpose than 
method evaluation, i.e. to discuss the large amount of ergonomic errors that actually occur in 
the interaction with ergonomic products on the market. 
A.1 Purpose and aim 
The purpose of this study was to compare the results from the PEEA (Predictive Ergonomic 
Error Analysis) method with the result of a method of user involvement (usability tests), i.e. 
compare ergonomic errors found from an analytical approach with an empirical approach. 
 
The aim was to compare a list of human ergonomic errors predicted by PEEA with a list of 
errors found in real life usability tests. The issue was whether the real users performed more 
ergonomic errors than the PEEA method had predicted could be possible to do in the 
interaction with a product. 
A.2 Choice of product  
Today there are many products on the market that can cause ergonomic problems. A number 
of products are found which state to be ergonomic. The handling of these products are 
interesting to study, since they often can be used both in a correct ergonomic way or not. If 
they not are used in the intended way they could be said to be ergonomically poor in their 
design. 
 
The selected product area for this study was the computer mouse. This is a product that is 
related to much physical work related problems. Today there are many computer mice on the 
market that claim to offer good ergonomics. In this study, four mice from Dustin were chosen 
that were presented to be ergonomic or equivalent. 
I. AHAA VERTICALMOUSE  
 
Figure A1 AHAA VERTICALMOUSE 
 
This mouse was sold with the following text in Swedish: “Ahaa VerticalMouse placerar 
handen likt en handskakning, i en naturlig vertikal position. Utan onaturliga vridmoment av 
  - A:2 - 
handen, elimineras ett stort vridmoment av strålbenet i underarman, vilket kan ge stora 
problem vid dagligt långvarigt arbete.”(Dustin, 2011) 
 
 
 
 
 
II. EVOLUENT VERTICAL MOUSE 4 ERGONOMIC USB RIGHT 
 
 
Figure A2 EVOLUENT VERTICAL MOUSE 4 ERGONOMIC USB RIGHT 
 
This mouse was sold with the following Swedish text: “Håll handen rakt – för bättre komfort 
och optimal ergonomi. Den patenterade formen stödjer din hand i en rak, neutral position – 
likt en handskakning. Evoluent VerticalMouse ger dig överlägsen komfort och skyddar 
handleden och armen från smärta och överansträngning.”(Dustin, 2011) 
 
III. LOGITECH MARBLE MOUSE USB 
 
 
Figur A3 LOGITECH MARBLE MOUSE USB 
 
This mouse was sold with the following Swedish text: “Du sparar plats och minskar 
belastningen på hand och handled. Den rundade formen gör pekdonet väl lämpat för långa 
arbetspass.” http://www.dustin.se/pd_5010169230.aspx (Dustin, 2011) 
IV a-b. 3M ERGONOMIC OPTICAL MOUSE SMALL and LARGE 
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Figur A4 3M ERGONOMIC OPTICAL MOUSE SMALL and LARGE 
 
This mouse was sold with the following Swedish text: “Ergonomisk optisk mus med vertikalt 
grepp. Kliniskt utprovad för att reducera muskelvärk och obehag jämfört med en traditionell 
mus. Motverkar obehag som på sikt kan leda till musarm.” (Dustin, 2011). Here, two sizes 
were used according to the manufacturer's recommendation. 
A.3 Method 
First the intended use of a computer mouse (Figure A1) was mapped with HTA (Hierarchical 
Task Analysis) (Stanton, 2006). A task analysis is needed as a base for the PEEA evaluation 
and also to structure the results from a usability study. 
 
Grab and
hold
Click and
scroll
Moving and
controlling
Use
computer
mouse
 
 
Figure A1 HTA of mouse usage 
 
When the general HTA was set, an analytical evaluation of physical ergonomic errors in the 
interaction between the user and product was made PEEA. The evaluation resulted in a list of 
possible ergonomic errors associated with the various stages of use for each of the four 
computer mice selected to be tested. The evaluation was performed by two analysts (LOB and 
ALO). 
 
The next step was to perform usability tests with the four computer mice. 16 people were 
recruited from a department at Chalmers University. The test subjects did not have deeper 
knowledge of ergonomics, neither suffered they from muscular-skeletal problems in the hand 
and arm region. These criteria were set because it was judged to affect the outcome of the 
results if they had deeper knowledge of ergonomic issues than an average office worker. 
There were five women and eleven men included, with a mean age of 34.5 years, reflecting 
age and gender composition of the department staff. 
 
The 16 subjects used three of the mice to solve given tasks. Which mice and their order in the 
test session varied to avoid systematic errors. The decision that each test subject should only 
test three of the four mice was time usage and that the test subjects should not get too bored, 
exhausted or uninterested by performing the same tasks too many times. 
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The tasks which should be made with each mouse were: 
1. Open the file mustest.docx on the desktop 
2. Change to the current date in the header 
3. Type your name under the heading on the other side 
4. Cut the last paragraph on the last page 
5. Paste the paragraph under your name on the other side 
6. Save the file under a new name "mustest A.docx" on your desktop 
7. Close Word 
8. Open Chalmers webmail and login (link on the desktop) 
9. Open a new email 
10. Enter the address "lars-ola.bligard @ chalmers.se" and the subject "Mustest". 
11. Enter the text "Hello! Greetings <your name> "in the email.  
12. Attach the file "mustest.docx" 
13. Turn on the high priority on the email 
14.  Send the email 
15. Close the browser 
Each test session was filmed with focus on hands and arms, in order to document how the test 
subjects used the different mice when they performed the tasks. The films were later analysed 
to identify use errors that the subjects did when handling the mice, i.e. if they handled the 
mouse in an incorrect ergonomic way compared to how it was intended to be used. The 
analysis of the film was conducted by one analyst (MR), who did not participate in the 
analytical evaluation with PEEA. Finally, the ergonomic errors found from the PEEA analysis 
were compared with the errors found in the usability tests. The comparison is reported in the 
results.  
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A.4 Results 
The tables A1-A4 show all the ergonomic errors found by PEEA and in the usability tests for 
each computer mouse tested. On the left hand side in the tables the tasks described in the 
HTA are listed. Below each task there is a list of all use errors found with PEEA or in the 
usability tests. On the right hand side the numbers show how many test subjects who 
performed each use error. When the number is zero (0), no test subject performed that error 
during the usability session. The errors that occurred during the usability tests but were not 
found by PEEA are marked with grey. 
 
Table A1 Ergonomic errors with AHAA VERTICALMOUSE 
Grab and hold  No. 
Grab obliquely 15 
Focus too far back (grasping for a bit) 5 
Grab with left hand 0 
Grab too low  10 
Holding the hand above the mouse (fingers on the keys) 4 
Keeping the fingers over the mouse (hand on the mouse) 0 
Keeping the wrist above the table 1 
Click and scroll  
Index finger on the right button 0 
Ring finger on the mouse buttons 0 
Index finger is placed to the left of the left button 0 
Place the fingers too far down 3 
Scroll with the ring finger 0 
Working with bent fingers 0 
Keep fingers above the keys between clicks 0 
Moving and controlling  
Working with a bent wrist. 7 
Control with the wrist instead of the entire forearm 12 
Not having wrist and forearm on the table 2 
Not placing the elbow on the table (if the elbow is over the table) 0 
 
Table A1 shows that PEEA had produced 18 possible ergonomic errors. Of these, 9 occurred 
in the usability tests. Four of the errors occurred more frequently (> 50% of the test subjects 
performed the error). No other ergonomic errors than those predicted with PEEA occurred 
during the tests with AHAA Vertical mouse. 
 
Table A2 Ergonomic errors with EVOLUENT VERTICAL MOUSE 4 
 ERGONOMIC USB RIGHT 
Grab and hold  No. 
Grab obliquely 5 
Focus too far back (grasping for a bit) 4 
Grab with left hand 0 
Grab too low 1 
Grab too high 3 
Grab too far forward 1 
Holding the thumb beneath thumb grip 1 
Holding the hand above the mouse (fingers on the keys) 5 
Keeping the fingers over the mouse (hand on the mouse) 2 
Keeping the wrist above the table 1 
Little finger bent 1 
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Click and scroll   
Index finger used for the right or the middle button 0 
Index finger is placed to the left of the left button 3 
Place the fingers too low 0 
Scroll with ring finger 0 
Working with bent fingers 3 
Keep fingers above the keys between clicks 0 
Clicking too high on the left button, almost on top 2 
Clicking on the middle button with the ring finger 1 
Clicking on the left button with middle finger 2 
Moving and controlling  
Working with a bent wrist. 2 
Controlling with the wrist instead of the entire forearm 12 
Not having wrist and forearm on the table 1 
Not placing the elbow on the table (if the elbow is over the table) 0 
 
Table A2 shows that PEEA had produced 17 potential ergonomic errors. Of these, 11 
occurred in the usability tests. One of the errors occurred frequently (> 50% of the test 
subjects performed the error). For this mouse there were 7 other ergonomic errors found 
during the usability tests that PEEA had not predicted. These were all related to the clicking 
function of the mouse. 
 
Table A3 Ergonomic errors with LOGITECH MARBLE MOUSE USB 
Grab and hold # 
Grab obliquely (across) 5 
Grab too far back 0 
Holding hand above the mouse (fingers on the keys) 1 
Keeping fingers over the mouse (hand on the mouse) 12 
Keeping the wrist above the table 2 
Keeping far ahead, above the ball 1 
Click and scroll  
Clicking with the left index finger on the button instead of the thumb 0 
Clicking with index finger on right key 0 
Placing fingers near the bottom left 0 
Placing fingers too far down to the right 2 
Controlling the ball with ring finger or little finger 1 
Working with bent fingers 3 
Keep fingers above the keys between clicks 12 
Moving and controlling   
The user attempts to move the whole mouse 0 
Using too many fingers on the ball 0 
Working with a bent wrist. 2 
Not having forearm on the table 1 
Not placing elbow on the table (if the elbow is over the table) 0 
 
Table A3 shows that PEEA had produced 18 possible ergonomic errors. Of these, 11 occurred 
in the usability tests. Two of the errors occurred more frequently (> 50% of the test subjects 
performed the error). No other ergonomic errors than those predicted by PEEA occurred 
during the usability tests.  
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Table A4 Ergonomic errors with 3M ERGONOMIC OPTICAL MOUSE  
SMALL and LARGE 
Grab and hold # 
Grab obliquely 0 
Placing fingers on the side instead of around 1 
Keeping thumb in the air  2 
Working with a bent thumb 1 
Keeping the whole hand in the air (in anticipation of continuing to use the 
joystick) 
1 
Grabbing with left hand 0 
Grab far down on the bottom plate 0 
Putting hand on top of the joystick 0 
Grabbing far down on the joystick 2 
Grabbing near the top of the joystick 0 
Click and scroll   
Using thumb to press the side button instead of the other fingers 1 
Using other fingers than thumb to press the thumb-button  0 
Moving and controlling   
Try to bend or twist the grip 0 
Working with a bent wrist. 1 
Controlling with the wrist instead of the entire forearm 8 
Not placing the elbow on the table (if the elbow is over the table) 2 
 
Table A4 shows that PEEA had predicted13 potential ergonomic errors. Of these, six occurred 
in the usability tests. Only one of the errors occurred frequently (> 50% of the test subjects 
performed the error). 3 other ergonomic errors occurred during the usability tests, most related 
to the handling of the thumb. 
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A.5 Analysis  
To investigate how well the PEEA method worked, the use errors found with the different 
evaluation methods for the four mice were compared. The errors were compared on the basis 
of: (1) Number of different ergonomic errors performed in the usability tests, (2) Number of 
errors found in the usability tests predicted by PEEA, (3) Number of errors predicted by 
PEEA that not occurred during the usability tests, and (4) Number of usability test errors that 
not was predicted by PEEA. In Table A5 the use error comparison is shown. 
 
Table A5 Comparison of use errors  
All errors  for all mice  Mouse 
1 
Mouse 
2 
Mouse 
3 
Mouse 
4 
In 
total 
1. Errors in the usability tests 9 18 11 9 47 
2. Usability test errors predicted by PEEA 9 11 11 6 37 
3. Predicted by the PEEA not occurred 9 6 7 7 29 
4. Incurred which is not predicted by the 
PEAA 
0 7 0 3 10 
      
Common errors (> 50% of test subjects)      
Number of different errors in the 
experiments 
4 1 2 1 8 
Of those predicted by PEEA 4 1 2 1 8 
Of those is not predicted by PEAA 0 0 0 0 0 
 
The comparison showed that more than half (50%, 65%, 58%, 46%) of the predicted errors by 
PEEA occurred in a real life situation. For two of the mice, PEEA identified all errors that 
occurred. For the other mice, 61% and 67% respectively of the errors were predicted. For the 
most common errors, where more than 50% of the test subjects did this error, the PEEA 
method predicted them all. 
 
For two of the mice, no other ergonomic errors than those PEEA predicted occurred during 
the usability tests (Tables A1 and A3). For the other two mice (Tables A2 and A4), 7 and 3 
errors respectively occurred during the usability test, these were not found with PEEA in the 
analytical evaluation. For these two mice, the analysts who used PEEA did not consider all 
the different ways that wrong grips and clicking could be made, nor how the thumb could be 
handled in a wrong position. The analysts did not perform the tasks that were involved in the 
usability tests during their evaluation of presumptive use errors, and that can be one of the 
causes that these errors were not expected.  
 
Table A6 In total: Use errors found by PEEA and in usability test  
Errors Errors found by 
PEEA 
Errors not found by 
PEEA 
In total: 
Errors found in usability tests 37 10 47 
Errors not found in usability tests 29  - 29 
In total: 66 10 76 
 
An interesting comparison is between the total number of errors predicted by PEEA for all 
mice and the total number of errors that occurred during the usability tests for all mice (Table 
A6). Of the 47 errors that occurred during the usability tests PEEA had predicted 37, i.e. 79%. 
Of the 66 errors predicted by PEEA, 37 occurred during the tests, i.e. 56%. This is a good 
result because it is more important that PEEA finds the errors that actually occur, then that the 
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errors predicted by PEEA are real use errors. A remaining question is how many of the other 
use errors that PEEA predicted would occur if more test subjects had been involved in the 
tests? Also interesting to ask is if and how many ergonomic errors neither PEEA nor the 
usability test found. However, the most frequent and usual errors might have been found with 
a combined analysis of PEEA and usability test. 
A.6 Conclusion  
The comparison has shown that PEEA worked well at predicting the ergonomic errors that 
occurred when handling ergonomic computer mice, especially for the most frequent errors. 
PEEA has predicted more errors than occurred, but that lies in the nature of the method to find 
as many errors as possible. By this approach, the purpose is to minimise the number of severe 
errors that can occur in an interaction between user and artefact. 
 
Another aspect, which was not the purpose of this specific study, is that as many as 76 
presumptive ergonomic errors can occur when users work with computer mice sold as being 
ergonomic. This highlights the importance of informing users how to handle ergonomic 
products in a correct way and also develop ergonomic products with a high degree of 
guessability for correct usage. The best design idea is that a product only can be used in one 
possible way, the correct way, bit this is nearly impossible to achieve.   
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evaluations was performed by Lars-Ola Bligård, who also together with Anna-
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B. Appendix B: PUEA
Evaluation of ergonomic error in the interaction with stable tools 
Human factors analysts: Lars-Ola Bligård (LOB), Anna-Lisa Osvalder (ALO) and Magnus 
Renström (MR).  
 
The results from this evaluation should also be published later with another purpose than 
method evaluation, i.e. to discuss the large amount of ergonomic errors that actually occur in 
the interaction with ergonomic products on the market. 
B.1 Purpose and aim 
The purpose of this study was to compare the results from the PEEA (Predictive Ergonomic 
Error Analysis) method with the result of a method of user involvement (usability tests), i.e. 
compare ergonomic errors found from an analytical approach with an empirical approach. 
 
The aim was to compare a list of human ergonomic errors predicted by PEEA with a list of 
errors found in real life usability tests. The issue was whether the real users performed more 
ergonomic errors than the PEEA method had predicted could be possible to do in an 
interaction with a product. 
B.2 Choice of product  
Today there are many products on the market that can cause ergonomic problems. A number 
of products are found which state to be ergonomic. The handling of these products are 
interesting to study, since they often can be used both in a correct ergonomic way or not. If 
they not are used in the intended way they could be said to be ergonomically poor in their 
design. 
 
The selected product area for this study was stable tools for cleaning. The selection was based 
on that hand-tools are classically related to ergonomics. Long shafted hand tools are used 
when e.g. performing several chores in agriculture for example working in stables, gardening 
and taking care of a property. The tools used are almost the same as 100 years ago. Common 
tools used in stables are shavings forks, manure forks, brooms, shovels and rakes. Often work 
in stables is manual, repetitive and physically hard to perform, and often high loads are 
handled. This demanding job can cause physical problems in the long run, which imply a need 
for good working postures. However, there are some long shafted hand tools on the market 
that are sold as being ergonomic in their design. 
 
In this study, three groups of long-shafted hand tools were chosen, in total 6 tools were 
analysed (Figures B1-B6) 
 Manure fork (2 types) - used when emptying the boxes and tie stall 
 Spade /shovel (2 types)- used when emptying the boxes and tie stall 
 Broom (2 types)- used for cleaning the stable path 
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Figure B1 Fiskars: Fork Ergonomi 
Ergonomic details: Angled grip, angled handle and rubber coated handle 
 
 
 
Figure B2 Fiskars: Fork Teleskop 
Ergonomic details: Telescopic handle and angle of the shaft 
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Figure B3 Fiskars: Spade Teleskop 
Ergonomic details: Telescopic handle and angle of the shaft 
 
 
 
Figure B4 Fiskars: Shovel Ergonomi 
Ergonomic details: Angled grip, angled handle and rubber coating handle 
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Figure B5 Fiskars Broom Nova 
Ergonomic details: Rubber grip for both hands, egg-shaped handles, angle adjustable  
brush head 
 
 
 
Figure B6 Fiskars: Broom Ergonomi 
Ergonomic details: Double angled shaft, rubber grip for the upper hand. 
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B.3 Method 
First the intended use of a computer mouse (Figure B7) was mapped with HTA (Hierarchical 
Task Analysis) (Stanton, 2006). A task analysis is needed as a base for the PEEA evaluation 
and also to structure the results from a usability study. 
 
Använda
redskap
Justera
längd
(om möjligt)
Greppa Sätta nedhorisontellt
Lyfta
vertikalt
Lyfta
horisontellt Tömma
 
Figure B7 HTA for fork, shovel and spade 
 
Använda
redskap
Greppa Borsta
 
Figure B7 HTA for working with long shafted tools (e.g. broom) 
 
When the HTA was set, an analytical evaluation of physical ergonomic errors in the 
interaction between the user and product was made PEEA. The evaluation resulted in a list of 
possible ergonomic errors associated with the various stages of use for each of the six hand 
tools selected to be tested. The evaluation was performed by two analysts (LOB and ALO), 
who were specialists both in ergonomics and how use the hand tools when cleaning stables. 
 
The next step was to perform usability tests with the six stable tools. 8 people were recruited 
from a riding school stable where also private horses were stalled. These test subjects were 
common users of stable tools and had worked with mucking out and other cleaning issues for 
a number of years. Some of them were professional workers; some of them were girls 
between 14-25 who had their own horses in the stable. Test subjects were all women aged 14 
to 50 years with a median age of 21 years. 
 
The experiment was designed so that the subjects first loaded a wheelbarrow with materials 
from the floor in a horsebox. The tools were tested in the following order: fork –spade-broom. 
The order within each group alternated between the same types of tool. The test subjects were 
asked to take load the wheelbarrow with material from the box floor five times with each fork 
and spade. With each broom they brushed about two minutes in the stall path. They were 
encouraged to brush both forwards and backwards. Each test session was video recorded and 
after the session a questionnaire was answered. The survey covered questions about the 
subjects' perception of the tools and its ergonomics. 
 
The films were later analysed to identify use errors that the subjects did when handling the 
hand tools. The analysis of the film was conducted by one analyst (MR), who did not 
participate in the analytical evaluation with PEEA. Finally, the ergonomic errors found from 
the PEEA analysis were compared with the errors found in the usability tests. The comparison 
is reported in the results.  
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B.4 Results 
The tables B1-B6 show all the ergonomic errors found by PEEA and in the usability tests for 
each long shafted hand tool tested. On the left hand side in the tables the tasks described in the 
HTA are listed. Below each task there is a list of all use errors found with PEEA or in the 
usability tests. On the right hand side the numbers show how many test subjects who 
performed each use error. When the number is zero (0), no test subject performed that error 
during the usability session. The errors that occurred during the usability tests but were not 
found by PEEA are marked with grey. 
 
Table B1 Ergonomic errors Fiskars Fork Ergonomi 
Grabbing No. 
Keeping lower your hand too close to the handle (no balance) 2 
Both hands held low on the grip surface 0 
Both hands on the handle 0 
Put down horizontally  
Not bending knees enough 3 
Standing with legs together 0 
The upper hand (the handle) far away from the button 0 
Using one foot to pressing the pitchfork 1 
Bending one leg 1 
Lifting vertically (from ground to top)  
Lifting with legs straight and curved back 6 
Standing with legs together 0 
Lifting horizontal (moving sideways)  
Lifting with legs straight and curved back 0 
Standing with legs together  2 
Emptying   
Emptying with bent back and the hands and arms too low. 0 
Lifting up too high. Bent arms 0 
Emptying by lifting an arm high 1 
Angles the wrist on the lower hand 1 
 
Table B1 reported that the PEEA evaluation predicted 14 possible ergonomic errors. Of these, 
five occurred in the usability tests experiments. On of these three errors occurred more 
frequently (> 50% of the test subjects performed the error). There were 3 ergonomic errors 
found in the usability tests that were not predicted by PEEA. 
 
Table B2 Ergonomic errors Fiskars Fork Teleskop 
Adjusting the length No. 
Not using the feature 8 
Making the arm too long 0 
Making the arm too short 0 
Grabbing  
Keeping lower hand too close to the handle (no balance) 2 
Both hands held low on the grip surface 0 
Both hands on the handle 0 
Put down horizontally  
Not bending knees enough 5 
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Standing with legs together 0 
The upper hand (the handle) far away from the button 0 
Using one foot to pressing the pitchfork 1 
Bending one leg 1 
Lifting vertically (from ground to top)  
Lifting with legs straight and curved back 6 
Standing with legs together 0 
Lifting horizontal (moving sideways)  
Lifting with legs straight and curved back 1 
Standing with legs together 0 
Emptying   
Emptying with bent back and the hands and arms too low. 0 
Lifting up too high. Bent arms 0 
Emptying by lifting an arm high 0 
Angles the wrist on the lower hand  1 
 
Table B2 shows that PEEA predicted 16 possible ergonomic errors. Of these, five occurred in 
the usability tests, three of them occurred more frequently (> 50% of the test subjects 
performed the error). There were 3 ergonomic errors found in the usability tests that were not 
predicted by PEEA. 
 
Table B3 Ergonomic errors B3 Fiskars Spade Teleskop 
Adjusting the length No. 
Not using the feature 8 
Making the arm too long 0 
Making the arm too short 0 
Grabbing  
Keeping lower hand too close to the handle (no balance) 2 
Both hands held low on the grip surface 0 
Both hands on the handle 0 
Put down horizontally  
Not bending knees enough 4 
Standing with legs together 0 
The upper hand (the handle) far away from the button 0 
Using one foot to pressing the pitchfork 1 
Bending one leg 1 
Lifting vertically (from ground to top)  
Lifting with legs straight and curved back 6 
Standing with legs together 0 
Lifting horizontally (moving sideways)  
Lift with legs straight and curved back 1 
Stand with legs together 2 
Emptying   
Emptying with bent back and the hands and arms too low. 0 
Lifting up too high. Bent arms 0 
Emptying by lifting an arm high 0 
Angles the wrist on the lower hand 1 
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Table B3 shows that PEEA predicted 19 possible ergonomic errors. Of these, seven occurred 
in the usability tests, two of them occurred more frequently (> 50% of the test subjects 
performed the error). There were two ergonomic errors found in the usability tests that were 
not predicted by PEEA. 
 
Table B4 Ergonomic errors Fiskars Spade Ergonomi 
Grabbing No. 
Keeping lower hand too close to the handle (no balance) 1 
Both hands too held low on the grip surface 0 
Both hands on the handle 0 
Put down horizontally  
Not bending knees enough 5 
Standing with legs together 0 
The upper hand (the handle) far away from the button 0 
Bending one leg 2 
Lifting vertically (from ground to top)  
Lifting with legs straight and curved back 8 
Standing with legs together 0 
Lifting horizontally (moving sideways)  
Lift with legs straight and curved back 2 
Stand with the legs together 0 
Emptying   
Emptying with bent back and the hands and arms too low 0 
Lifting up too high. Bent arms 0 
Emptying by lifting an arm too high 2 
 
Table B4 shows that PEEA predicted 13 possible ergonomic errors. Of these, five occurred in 
the usability tests, two of them occurred more frequently (> 50% of the test subjects 
performed the error). There was one ergonomic error found in the usability tests that was not 
predicted by PEEA. 
 
Table B5 Ergonomic errors Fiskars Broom Nova 
Grabbing  No. 
Lower hand too far down 0 
Both hands too high up 0 
Both hands too low down 0 
Incorrect angle of wrist (there are several ways) 0 
Placing the upper hand too high 0 
Brushing   
Bend back with legs straight (stiff as a stick) 0 
Standing with both legs together 2 
Pulled shoulders with upper hand too high 1 
Standing on one leg when leaning far away 4 
Standing in forward direction, when brushing on the side 0 
 
Table B5 shows that PEEA predicted 10 possible ergonomic errors. Of these, three occurred 
in the usability tests, none of them occurred more frequently. There was no ergonomic error 
found in the usability tests that was not predicted by PEEA. 
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Table B6 Ergonomic errors Fiskars Broom Ergonomi 
Grabbing   
Lower hand too far down 0 
Both hands high up 0 
Both hands low down 0 
Incorrect angle of wrist (there are several ways) 0 
Placing the upper hand too high (holding around the knob) 1 
Brushing   
Bend back with legs straight (stiff as a stick) 1 
Standing with legs together 3 
Pulled shoulders with top hand high 1 
Stand on one leg when extended far 1 
Stand forward, but brushing on the side 0 
 
Table B6 shows that PEEA predicted 10 possible ergonomic errors. Of these, five occurred in 
the usability tests, none of them occurred more frequently. There was no ergonomic error 
found in the usability tests that was not predicted by PEEA. 
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B.5 Analysis  
To investigate how well the PEEA method worked, the use errors found with the different 
evaluation methods for the six long shafted hand tools were compared. The errors were 
compared on the basis of: (1) Number of different ergonomic errors performed in the usability 
tests, (2) Number of errors found in the usability tests predicted by PEEA, (3) Number of 
errors predicted by PEEA that not occurred during the usability tests, and (4) Number of 
usability test errors that not was predicted by PEEA. In Table B7 the use error comparison is 
shown. 
 
Table B7 Comparison of use errors 
All errors for all tested hand tools Tool 
1 
Tool 
2 
Tool 
3 
Tool 
4 
Tool 
5 
Tool 
6 
In 
total 
1. Errors in the usability tests 8 8 9 6 3 5 39 
2. Usability test errors predicted by 
PEEA 
5 5 7 5 3 5 30 
3. Predicted by the PEEA not occurred 8 9 10 8 7 5 47 
4. Incurred which is not predicted by 
the PEEA 
3 3 2 1 0 0 9 
        
Common errors (> 50% of test 
subjects) 
       
Number of different errors in the 
experiments 
1 3 2 2 0 0 8 
Of those predicted by PEEA 1 3 2 2 0 0 8 
Of those not predicted by PEEA 0 0 0 0 0 0 0 
 
The comparison showed that one-third (36%, 31%, 37%, 38%, 30%, 50%) of the predicted 
errors by PEEA occurred in a real life situation. For two of the tools (the brushes), PEEA 
identified all errors that occurred. For the four other hand tools, PEEA identified 63%, 63%, 
78% and 83% respectively of the errors that occurred. For the most common errors, where 
more than 50% of the test subjects did this error, the PEEA method predicted them all. 
For the hand tools with telescope shaft, the test subjects did not use this feature. This resulted 
in that in the usability tests there was no use error possible since they did not handle this 
adjustment. However in the analytical evaluation with PEEA use errors were predicted for 
usage of this feature.  
 
For two of the hand tools (brushes), no other ergonomic errors than those PEEA predicted 
occurred during the usability tests (Tables B5 and B6). For the other hand tools (Tables B1-
B4) 1-3 use errors occurred during the usability test, which were not predicted by PEEA in the 
analytical evaluation. Of these not predicted failures all except one had to do with usage of the 
legs.  
 
Table B8 In total: Use errors found by PEEA and in usability test  
Errors Errors found by 
PEEA 
Errors not found by 
PEEA 
In total: 
Errors found in usability tests 30 9 39 
Errors not found in usability tests 47 - 47 
In total: 77 9 86 
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An interesting comparison is between the total number of errors predicted by PEEA for all 
long shafted hand tools and the number of total errors that occurred during the usability tests 
for all tools (Table B8). Of the 39 errors that occurred during the usability tests PEEA had 
predicted 30, i.e. 78%. Of the 77 errors predicted by PEEA, 30 occurred during the tests, i.e. 
39%. This is a good result because it is more important that PEEA finds the errors that 
actually occur, then that the errors predicted by PEEA are real use errors. The most frequent 
and usual errors might have been found with a combined analysis of PEEA and usability test. 
 
Since none of the test subjects observed that it was possible to adjust the shaft of two of the 
tools, this is one explanation to why PEEA predicted a few more use errors connected to 
adjustments. In the questionnaires afterwards they also said that they did not know that such 
features existed, and they had not observed the adjustment buttons on the tools. 
B.6 Conclusion  
The comparison has shown that PEEA worked well at predicting the ergonomic errors that 
occurred when handling ergonomic long-shafted hand tools for stable cleaning, especially for 
the most frequent errors. PEEA has predicted more errors than occurred, but that lies in the 
nature of the method to find as many errors as possible. By this method approach, the purpose 
is to minimise the number of severe errors that can occur in an interaction between user and 
artefact. 
 
Another aspect, which was not the purpose of this specific study, was that as many as 66 
presumptive ergonomic errors can occur when users work in a stable environment with long-
shafted hand tools. The hand tools in this study were also said to have an ergonomic design, 
which maybe should minimise the risk for problematic working positions. The ergonomic 
features of the tools were unknown for the test subjects; they did not know that there existed 
such possibilities. This highlights the importance of informing users how to handle ergonomic 
products in a correct way and also develop ergonomic products with a high degree of 
guessability for correct usage.  
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 Appendix C 
 
 
 CCPE: Evaluation of mismatches in the interaction with a vacuum cleaner 
 
 Content: The appendix describes the comparison of evaluation by Combined 
 Cognitive and Physical Evaluation with an evaluation by usability test of a 
 vacuum cleaner. 
 
 Distribution of work: The planning of the study was performed by Lars-Ola 
 Bligård. The evaluation with CCPE was performed by Lars-Ola Bligård and 
 Anna-Lisa Osvalder and the usability test were lead by Lars-Ola Bligård. The 
 analysis of the video recordings from the empirical tests was performed by 
 Magnus Renström. The comparison of results from the empirical and theoretical 
 evaluations was performed by Lars-Ola Bligård, who also together with Anna-
 Lisa Osvalder wrote the appendix. 
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C. Appendix C: CCPE 
Evaluation of mismatches in the interaction with a vacuum cleaner 
Human factors analysts: Lars-Ola Bligård (LOB), Anna-Lisa Osvalder (ALO) and Magnus 
Renström (MR). 
 
The results from this evaluation should also be published later with another purpose than 
method evaluation, i.e. to discuss the large amount of ergonomic errors that actually occur in 
the interaction with ergonomic products on the market. 
C.1 Purpose and aim 
The purpose of this study was to compare the results from the CCPE methodology (Combined 
Cognitive and Physical Evaluation) with the result of a method of user involvement (usability 
tests), i.e. compare both cognitive and physical ergonomic problems and errors found with 
from analytical approach with an empirical approach. 
 
The aim was to compare a list of usability problems, use errors and ergonomic errors 
predicted by CCPE with results from real life usability tests. The issue was whether the real 
users performed more usability problems and performed more use errors than the CCPE 
methodology had predicted could be possible to do in an interaction with a product. 
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C.2 Choice of product  
Today there are many products on the market that can cause ergonomic problems. A number 
of products are found which state to be ergonomic. The handling of these products are 
interesting to study, since they often can be used both in a correct ergonomic way or not. If 
they not are used in the intended way they could be said to be ergonomically poor in their 
design. 
 
The selected product area for this study was a vacuum cleaner. The selection was based on 
that a vacuum cleaner is a practical tool used by many and both physical and cognitive aspects 
are relevant when handling this product. The choice of specific vacuum cleaner fell on the 
Ergorapido from Electrolux (Figure C1). The name of the product related to ergonomics and 
the manufacturer states on the webpage "A lightweight stick, with a 180-degree swivel 
cleaning head that manoeuvres over bare floors effortlessly; combined with a convenient 
handheld for quick pickups around your home." (Electrolux, 2011) 
 
 
Figur C1: Ergorapido from Electrolux 
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C.3 Method 
This study consisted of three parts: CCPE evaluation, usability tests and comparison of the 
results from the analytical and empirical evaluations. First the intended use of the vacuum 
cleaner (Figures C2-C5) was mapped with HTA (Hierarchical Task Analysis) (Stanton, 2006) 
which is one part of the CCPE methodology. A task analysis is needed as a base for an 
evaluation with the methods ECW, PUEA and PEEA (included in CCPE) and also to structure 
the results from a usability study. 
 
When the HTA was set, an analytical evaluation of usability problems (ECW), use errors 
(PUEA) and ergonomic errors (PEEA) in the interaction between the user and the vacuum 
cleaner was made. The evaluation resulted in list of possible problems and errors associated 
with the various stages of use for the vacuum cleaner. The evaluation was performed by two 
analysts (LOB and ALO). 
 
 
Starta
dammsugare (DS)
Ta upp DS
Ta tag i handtag
och lyft armarna
Placera DS på
golvet
Sänka ned
armarna
Starta motorn
Trycka på
startknapp  
Figure C2 HTA: Start the vacuum cleaner 
 
Dammsuga vanligt
Städa
För armar framåt
och bakåt
Styra DS
Vinkla handled
 
Figure C3 HTA: Usual vacuum cleaning 
 
Dammsuga under
fåtölj
Justera
sugförmåga
Trycka på övre
startknapp
Börja sig ned
Böja på knä
Städa
För armar framåt
och bakåt
Resa sig upp
Sträcka på ben
 
Figure C4 HTA: Vacuum cleaning under armchair 
 
Dammsuga med
handdel
Separera delarna
Lyfta upp handdel
Göra sig av med
ställning
Ställa ställning
mot kanr
Starta
dammsugning
Trycka på
startknapp
Dammsuga
Föra
dammsugaren
fram och tillbaka
Stänga av DS
Trycka på
startknapp
Hämta ställning
Greppa och lyft
ställning
Sätta ihop hela
Trycka fast
handdel  
Figure C5 HTA: Vacuum cleaning with the hand piece 
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Avsluta
dammsugning
Stänga av
dammsugare
Trycka på
startknapp
Återställa
dammsugare
Ställa ned
damsugare i ställ  
 Figure C6 HTA: Finish the cleaning  
 
The next step was to perform usability tests with the vacuum cleaner. Eight people, without 
specific ergonomics knowledge, were recruited to be included in the tests. They did not have 
small children, had a job and were not familiar with this specific type of vacuum cleaner. Four 
men and four women were included, in an age range of 25-65 years. The tests were performed 
in a conference room where armchairs, several chairs, tables and a large carpet were part of 
the furnishing.   
 
The usability tests included three main tasks: (1) Vacuum the surface of the floor, (2) Vacuum 
an armchair with a low suction force, and (3) Vacuum the surface of a computer table. The 
HTAs found in Figures C1 and C6 were included in these tasks. 
 
Each test session was video recorded. The films were later analysed to identify usability 
problems and use errors that the subjects did when handling vacuum cleaner. The analysis of 
the film was conducted by one analyst (MR), who did not participate in the analytical 
evaluation with CCPE. Finally, the problems and errors found from the CCPE analysis were 
compared with the errors found in the usability tests. The comparison is reported in the 
results.  
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C.4 Results 
The tables C1-C3 report the usability problems, the use errors and the ergonomic errors found 
for the vacuum cleaner. On the left hand side in the tables the tasks described in the HTA are 
listed. Below each task there is a list of all problems and errors found with the CCPE 
methodology or in the usability tests. On the right hand side the numbers show how many test 
subjects who experienced a problem or made a use error. When the number is zero (0), no test 
subject had that problem or performed that error. The problems and errors that occurred 
during the usability tests but were not found by CCPE are marked with grey. 
 
Table C1 Usability problems vacuum cleaner 
1.0 Starting vacuum cleaner No. 
-  
1.1 Take up VC - Grasp the handle and lift  
Problems with understanding how the cleaner needs to be lifted (3) 1 
Problems with seeing the clues (4) 0 
Problems in understanding how it should be lifted (3) 1 
Problems with lifting it (4) 0 
1.2 Placing VC on the floor - Lowering arms  
-  
1.3 Starting the engine - Pressing the start button.  
Not understanding how the button should be used (4) 0 
2.0 Vacuum floors   
Not able to determine whether it was clean (4) 0 
2.1 Clean up - bring arms back and forth  
-  
2.2 Controlling VC - Angle handpiece  
Not knowing how to controlling the handpiece (2) 2 
Problems with seeing the clues (2) 0 
Not able to control handpiece (2) 0 
3.0 Vacuuming under "sofa"  
Not believing thatit can be done (4)  0 
No visible clues (3) 0 
Not understanding how to do (4) 2 
3.1 Adjusting the suction - pressing the edge of the starter  
Not able to find the right control (2) 3 
Not able to adjust the control (1) 0 
3.2 Bending down - Bending the knees  
Not knowing that you should do so (2) 6 
No feedback this is the right way (1) 0 
3.3 Cleaning up - bringing the arms back and forth  
-  
3.4 Stand up - Stretching legs  
-  
4.0 Vacuuming with handpiece   
Not expected function (2) 5 
Not detecting two parts (3) 5 
4.1 Removing the handpiece - Pressing the "Remove" button  
Hard to find the right button (2) 2 
Hard to push buttons (4) 0 
4.2 Separate the parts - Lift the handpiece  
-  
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4.3 Disposing of stand / main part - set against an edge  
-  
4.4 Start vacuuming - pressing the start button  
-  
4.5 Vacuum - bringing the nozzle back and forth  
-  
4.6 Switching off DS - Enjoying the start button  
-  
4.7 Get status / main part - Grip and lift status  
-  
4.8 Assembling the whole - Pressing the handpiece  
-  
5.0 End vacuuming  
-  
5.1 Turning off the vacuum cleaner - pressing the start button  
Not understanding how the ON / OFF / button works 5 
5.2 Resetting the vacuum cleaner - Replacing in the rack  
Hard to understand how it will hang on (3) 1 
 
Table C1 shows that the ECW evaluation predicted 21 possible usability problems. Of these, 
10 occurred in the usability tests. There was one usability problem found in the usability tests 
that was not predicted by ECW. 
 
Table C2 Use errors vacuum cleaner 
1.0 Starting Vacuum cleaner No. 
-  
1.1 Take up VC - Grasp the handle and lift  
Pull the side, front or back to loosen 1 
Pressing the start button to release 0 
Pressing the release key  0 
1.2 Placing VC on the floor - Lowering arms  
Put down hard in the ground 0 
Turn down upside down 0 
1.3 Starting the engine - Pressing the start button.  
Not finding the start button 0 
Press the center of the upper button 1 
Pressing the 'release' buttons 0 
Press the round mark at the point 0 
Pressing the battery light 0 
2.0 Vacuuming floor  
Bump the starter button 1 
Strikes things 0 
Pulls the vacuum cleaner 2 
2.1 Cleaning - bring arms back and forth  
Careless vacuuming 0 
Suck up the wrong things 0 
Absorbs dangerous things 0 
2.2 Controlling VC - Angle handpiece  
Not turning the hand 1 
Rotating the arm instead of wrist 0 
3.0 Vacuuming beneath "sofa"  
-  
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3.1 Adjusting the suction - pressing the edge of the starter  
The pressure in the middle of the button 1 
Pressing the 'release' button 2 
Press the gray area of the angle at the bottom 1 
Search sugjustering throughout the product. Lifting, twisting. 5 
Pressing the button on the handheld 2 
Pressing the on / off part of the button 5 
3.2 Bending down - Bending knees  
Bending back instead 5 
Not cower enough 0 
3.3 Cleaning - bringing arms back and forth  
Not turning the nozzle 3 
Turn into things 6 
Not reaching  0 
Pulling the vacuum cleaner, instead of controlling. 4 
3.4 Stand up - Stretch your legs  
-  
4.0 Vacuuming with handpiece   
Keeping the mainpart in the hand while vacuuming with hand piece 1 
Trying to control the cravings, without results 1 
4.1 Remove the handpiece - Pressing the "Remove" button  
Pressing the button for opening the container 0 
Pressing the top of the side 0 
Trying to forcibly remove the bottom 1 
Pressing the lower start button  1 
Pushing with one hand on each button 0 
Non-capture equipment 0 
4.2 Separate the parts - Lifting the handpiece  
-  
4.3 Disposing of stand / main part - set against an edge  
Placing it to fall 0 
4.4 Start vacuuming - pressing the start button  
Pressing the battery light 0 
4.5 Vacuuming - bringing the nozzle back and forth  
Turn in to things 0 
Pushing hard on the ground 0 
Unused nozzle 0 
Turn off the vacuum cleaner during vacuuming 1 
4.6 Switching off VC – Pressing the start button  
-  
4.7 Get status / main part - Grip and lift status  
-  
4.8 Assembling the whole - Pressing the handpiece  
Put the handle first 0 
Not pressing the handle's top enough (to click) 1 
5.0 Ending vacuuming  
Installing the rack while running 0 
Accessing the mute button during vacuuming 1 
5.1 Turning off the vacuum cleaner - pressing the start button  
Pressing the centre of the upper button 3 
Press the lower edge of the upper button 5 
5.2 Resetting the vacuum cleaner - Replacing in the rack   
Only putting the VC on the plate 0 
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Releasing too early and poor precision 5 
Happen to turn the vacuum cleaner because of manipulation  1 
Trying to fix the vacuum cleaner in the wrong direction, 180 degrees 
wrong. 
1 
 
Table C2 shows that the PUEA evaluation predicted 44 possible use errors. Of these, 17 
occurred in the usability tests. There were 10 use errors found in the usability tests that were 
not predicted by PUEA. 
 
Table C3 Ergonomic errors vacuum cleaner  
1.0 Starting vacuum cleaner  No. 
-  
1.1 Take up VC - Grasp the handle and lift  
Grab from above. Skewed wrist, far from the body and elbow above 
shoulder height 
1 
Grab low down. Oblique wrist and asymmetry 2 
1.2 Placing VC on the floor - Lowering arms   
-  
1.3 Starting the engine - Pressing the start button.  
-  
2.0 Vacuuming floor   
-  
2.1 Cleaning - bring arms back and forth  
Keeping on the back. curved wrist 0 
Staying near the bottom, Arched back 0 
Holding with both hands, Arched back 0 
Standing still. Bending back to access 1 
2.2 Controlling VC - Angle handpiece  
Over-arm from the body, far from the body 0 
Rotating arm with angled wrist 0 
3.0 Vacuum underneath "sofa"  
-  
3.1 Adjusting the suction - pressing the edge of the starter  
Looking for control with curved back 3 
Holding the machine in the air to see better controls 3 
3.2 Bending down - Bending knees  
Not going up on tiptoe. 0 
Go down on the knees 1 
3.3 Cleaning - bringing the arms back and forth  
Underhand grip with the upper hand 0 
Holding on the button 0 
The lower hand too far up  0 
The upper arm too far down 0 
3.4 Standning up - Stretch your legs  
-  
4.0 Vacuum with handpiece   
-  
4.1 Removing the handpiece - Pressing the "Remove" button  
Agree with the hand on the front and press the button 1 
Holding the lower hand low 0 
4.2 Separate the parts - Lift the handpiece  
-  
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4.3 Disposing of stand / main part - set against an edge  
Bending back to placing on the ground 1 
4.4 Start vacuuming - pressing the start button  
Press with index finger 0 
4.5 Vacuuming - bringing the nozzle back and forth  
Angled wrist 0 
Tucked shoulder / elbow 0 
4.6 Switching off VC - Pressing the start button  
-  
4.7 Get status / main part - Grip and lift status  
Gripping the wrist in the wrong way  0 
Lifts with curved back 1 
4.8 Assembling the whole - Pressing the handpiece  
Holding too far from the centre of gravity 0 
5.0 End vacuuming  
-  
5.1 Turning off the vacuum cleaner - pressing the start button  
-  
5.2 Resetting the vacuum cleaner - Replacing in the rack   
Lifting away from body 0 
Twisting wrist 0 
Bending the back forwards to see 1 
 
Table C3 shows that the PEEA evaluation predicted 24 possible ergonomic errors. Of these, 6 
occurred in the usability tests. There were 4 ergonomic errors found in the usability tests that 
were not predicted by PEEA. 
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C.5 Analysis  
To investigate how well the CCPE methodology worked, usability problems from ECW, use 
errors from PUEA and ergonomic errors from PEEA were compared with the problems and 
errors found in the usability tests (Tables C4-C6). 
 
The comparison in Table C4 shows that 45% of the predicted usability problems with ECW 
were found in the usability tests. Of the total number of problems identified in the usability 
tests, ECW predicted 91% of them. This is a good result because it is more important that 
ECW finds the problems that actually occur, then that the problems found by ECW are real 
usability problems. 
 
Table C4 Summary of Usability problems 
Usability problems  
No. of usability problems identified during usability test 11 
No. of usability problems predicted by ECW that occurred 10 
No. of usability problems predicted by ECW that not occurred 12 
No. of usability problems not predicted by ECW but identified in tests 1 
 
The comparison in Table C5 shows that 65% of the predicted use errors with PUEA were 
found in the usability tests. Of the total number of problems identified in the usability tests, 
PUEA predicted 63% of them. The results are good since a majority of the identified use 
errors actually occurred and that the majority of the errors that occurred were predicted with 
PUEA.  
 
Table C5 Summary of Use errors 
Use errors  
No. of use errors identified during usability test 27 
No. of use errors predicted by PUEA that occurred 17 
No. of use errors predicted by PUEA that not occurred 10 
No. of use errors not predicted by PUEA but identified in tests 10 
 
The comparison in Table C6 shows that 26% of the predicted ergonomic errors with PEEA 
were found in the usability tests. Of the total number of errors identified in the usability tests, 
PEEA predicted 60% of them. The results are good as PEEA predicted most of the ergonomic 
errors that actually occurred in the usability tests, but PEEA predicted many errors that did 
not occur during the tests. Instead four other errors occurred that were not predicted.  
 
Table C6 Summary of Ergonomic errors 
Ergonomic Error  
No. of ergonomic errors identified usability test 10 
No. of ergonomic errors predicted by PEEA that occurred 6 
No. of ergonomics errors predicted by PEEA that not occurred 17 
No. of ergonomic errors not predicted by PEEA but identified in tests 4 
 
To summarise, ECW was best of the CCPE methods to identify what should happen in the 
usability tests. The PUEA method resulted in that the evaluators did not expect 10 use errors. 
To explain this it could be said that the tested product was rather difficult to handle correctly, 
especially the cognitive cues were not easy to interpret and very misleading. The test subjects 
draw a number of conclusions with a large variety when using the vacuum cleaner about how 
it should be handled, than the evaluators had expected. The evaluators had foreseen the test 
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subjects' great imagination when it came to dealing with the vacuum cleaner, perhaps due to 
that they were skilled in cognitive design and more used to handle different machines than the 
test subjects were. 
 
C.6 Conclusion  
The comparison has shown that CCPE has predicted more problems and errors than the 
occurred during the usability tests. This is a part of the methodology that it should be able to 
predict as many problems and errors as possible, so the most important are included in the 
prediction. A majority of the usability problems and use errors indentified in the usability test 
were also predicted by CCPE methodology. ECW was better to predict than PUEA and PEEA 
in this study. 
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D. Appendix D: CCPE  
Evaluation of mismatches in the interaction with an office chair 
Human factors analysts: Lars-Ola Bligård (LOB), Anna-Lisa Osvalder (ALO) and Magnus 
Renström (MR). 
 
The results from this evaluation should also be published later with another purpose than 
method evaluation, i.e. to discuss the large amount of ergonomic errors that actually occur in 
the interaction with ergonomic products on the market. 
D.1 Purpose and aims  
The purpose of this study was to compare the results from the CCPE methodology (Combined 
Cognitive and Physical Evaluation) with the result of a method of user involvement (usability 
tests), i.e. compare both cognitive and physical ergonomic problems and errors found with 
from analytical approach with an empirical approach.  
 
The aim was to compare a list of usability problems, use errors and ergonomic errors 
predicted by CCPE with results from real life usability tests. The issue was whether the real 
users performed more usability problems and performed more use errors than the CCPE 
methodology had predicted could be possible to do in an interaction with a product. 
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D.2 Choice of product  
The choice of product in this study was an office chair. Office chairs are often said to be 
ergonomic in their design, and are manufactured to help people to get good working positions 
especially during computer work.  However, by experience we know that it is often difficult 
to know how an office chair should be set and adjusted in a correct way to fit the user. 
  
Today there are also many adjustments available. An office chair is an everyday tool where 
both physical and cognitive ergonomics is relevant. The choice of specific office chair in this 
study was RH 400 (Figure D1).  
 
 
 
Figure D1 Chair RH Logic 400 
 
At RH's website, the following text could be found (RH, 2011): "RH Logic 400/300 är en av 
våra mest populära stolserier. Dels tack vare ergonomin och komforten, dels tack vare den 
långa livslängden." och "Logic 400/300 är enkel att ställa in och ställa om och reglagen är 
lätta att komma åt." 
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D.3  Method 
This study consisted of three parts: CCPE evaluation, usability tests and comparison of the 
results from the analytical and empirical evaluations. First the intended use of the vacuum 
cleaner (Figures D2-D7) was mapped with HTA (Hierarchical Task Analysis) (Stanton, 2006) 
which is one part of the CCPE methodology. A task analysis is needed as a base for an 
evaluation with the methods ECW, PUEA and PEEA (included in CCPE) and also to structure 
the results from a usability study. 
 
When the HTA was set, an analytical evaluation of usability problems (ECW), use errors 
(PUEA) and ergonomic errors (PEEA) in the interaction between the user and the vacuum 
cleaner was made. The evaluation resulted in list of possible problems and errors associated 
with the various stages of use for the vacuum cleaner. The evaluation was performed by two 
analysts (LOB and ALO). 
 
. 
 
 
Ställa in sitshöjd
Trycka ned knapp Lyfta/sänka kropp Släppa knapp
Ställa in sittdjup
Trycka in knapp Föra kropp fram/bak Släppa knapp
Figure D2 HTA for setting the seat height and the seat depth 
 
Ställa in sitsvinkel
Vrid vred öppna Vinkla kropp Vrid vred stänga
Ställan in
ryggstödshöjd
Vrida vred Justera höjd Vrida tillbaka vred
 
Figure D3 HTA for setting the seat angle and adjusting the backboard height 
 
Ställa in
ryggstödsvinkel
tryck in knapp Justeraryggstödsvnkel Släpp knapp
Ställa in svankstöd
Pumpa in luft Släppa ut luft Justera stöd
 
Figure D4 HTA for setting the recline and adjusting the lumbar support 
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Ställa in
nackstödshöjd
Dra nackstöd upp Dra nackstöd ned Justera höjd
Ställa in
nackstödsvinkel
Dra vinkel upp Dra vinkel ned Justera vinkel
 
Figure D5 HTA for setting the headrest height and adjust the headrest angle 
 
Ställa in
armstödsbredd
Lossa skruv Justerahandledsstöd Spänna åt skruv
Ställa in
armstödshöjd
Trycka in knapp Föra armstöd upp/ned Släppa knapp
 
Figure D6 HTA for setting the armrest width and set the arm height 
Ställa in
armstödvridning
Vrida höger Vrida vänster Justera vridning
 
Figure D7 HTA for setting the arm rotation 
 
 
The next step was to perform usability tests with the office seat. Eight people, without specific 
ergonomics knowledge, were recruited to be included in the tests. The tests were performed in 
an office at the University. 
 
Each test session was video recorded. The films were later analysed to identify usability 
problems and use errors that the subjects did when adjusting the chair. The analysis of the 
film was conducted by one analyst (MR), who did not participate in the analytical evaluation 
with CCPE. Finally, the problems and errors found from the CCPE analysis were compared 
with the errors found in the usability tests. The comparison is reported in the results. 
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D.4 Results  
The tables D1-D3 report the usability problems, the use errors and the ergonomic errors found 
for the office chair. On the left hand side in the tables the tasks described in the HTA are 
listed. Below each task there is a list of all problems and errors found with the CCPE 
methodology or in the usability tests. On the right hand side the numbers show how many test 
subjects who experienced a problem or made a use error. When the number is zero (0), no test 
subject had that problem or performed that error. The problems and errors that occurred 
during the usability tests but were not found by CCPE are marked with grey. 
 
Table D1 Usability problems office chair 
1.0 Setting the seat height  
-  
1.1 Pull the button  
Difficult to interpret key (4) 1 
Hard to pull up the button (3) 1 
1.2 Lifting/lowering body  
Not expected to have to do it (4) 1 
No clues that it need to be done (4) 0 
Not understanding when it has to be done (4) 0 
Not knowing the right height (1) 0 
1.3 Releasing button   
-  
2.0 Setting the seat depth  
Not expecting the function (1) 6 
Not able to find the feature (2) 3 
Not understanding the clues (3) 2 
Extremely bad feedback (not noticing the seat is released) 2 
2.1 Pulling the button  
The happening is not expected (2) 0 
Not understanding the symbol (4) 0 
Hard to pull up the button (3) 0 
Pressing the armrest height control 1 
2.2 Bringing body back and forth  
No expected action (2) 0 
Nothing shows how to do it (1) 1 
Not knowing what to be done (3) 2 
Not able to adjusting the seat (2) 2 
Not knowing what the right position is(1) 0 
Requires significant force to change 3 
2.3 Releasing button   
-  
3.0 Setting the seat angle  
Difficult to see the clues (1) 7 
Difficult to interpret clues (3) 1 
3.1 Turning handle open  
Difficult to see the controls (3) 7 
Difficult to interpret the controls (4) 1 
3.2 Angle the seat  
Hard to know what is a good angle (1) 2 
  
3.3 Turning handle closed  
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-  
4.0 Setting the backrest height  
Not expecting the function (3) 7 
Not finding the function (2) 2 
Not understanding how to set it (2) 2 
4.1 Rotating the handle   
Not understanding how the handle works (4) 0 
Not able to perform the action (3) 0 
Poor feedback that it is right when the handle is turned 4 
4.2 Adjusting the height  
Not understanding to press with the back / lifting in another way (4) 1 
Hard to push up with the back (4) 0 
Not knowing what the right level is(2) 0 
4.3 Turning the handle back  
Hard to turn back the knob (4) 0 
5.0 Setting the recline  
No expected function (2) 0 
5.1 Draw the Button  
Hard to pull up the button (4) 0 
5.2 Adjusting the backrest angle  
Not clear that it could be angled (2) 0 
Hard to know what is a good angle (1) 0 
5.3 Releasíng button  
-  
6.0 Setting the lumbar support  
No expected function (2) 2 
Difficult to interpret clue (3) 1 
6.1 Pumping air  
Difficult to interpret clue (3) 0 
6.2 Releasing the air  
Difficult to see the clue (3) 1 
Difficult to interpret clue (2) 0 
6.3 Adjusting the support  
Not knowing what the right level is (1) 0 
7.0 Setting the headrest height  
Unexpected function (4) 0 
Difficult to recognize clues (3) 5 
7.1 Pulling up head support  
Clues difficult to see (1) 5 
Clues difficult to interpret (1) 0 
Hard to pull up (2) 4 
7.2 Pull down the neck  
Clues difficult to see (1) 0 
Clues difficult to interpret (1) 0 
Hard to pull down (2) 0 
Pushing too much – going to the lower level 4 
7.3 Adjusting the height  
Difficult to set the correct level (2) 1 
Hard to know what the right level is (1) 0 
8.0 Setting the neck angle  
No expected function (3) 0 
Clues difficult to see (3) 1 
Clues difficult to interpret (4) 1 
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8.1 Pull up the angle   
Hard to see that action is possible (1)  
Difficult to understand how to do (4)  
Slow setting (3)  
8.2 Draging the angle down  
Hard to see that action is possible (1) 0 
Difficult to understand how to do (4) 0 
Slow setting (3) 1 
8.3 Adjusting the angle  
Hard to set right (4) 1 
Not knowing what angle is right (1) 0 
9.0 Setting the armrest width  
No expected function (1) 4 
No clues (1) 4 
Hard to understand how to be set (1) 1 
Hard to understand what is happening (2) 0 
9.1 Loosen the screw  
Concealed knob (1) 3 
Hard to loosen knob (2) 0 
9.2 Adjusting the wrist support  
No clear clues (4) 0 
Difficult to interpret clue (3) 0 
Difficult to adjust (4) 0 
Not knowing the proper level (1) 0 
9.3 Tightening screw  
Can’t tighten screw (4) 0 
10.0 Setting the armrest height  
No expected function (3) 0 
Difficult to interpret clue (4) 2 
10.1 Pressing button  
Clues difficult to see (3) 0 
Clues difficult to interpret (2) 0 
10.2 Bringing arm support up and down  
Hard to see that the action is possible (3) 0 
Hard to know what is the correct height (1) 0 
10.3 Releasing button  
-  
11.0 Setting the arm support rotation  
No expected function (1) 7 
No clues the function can be done (1) 0 
Difficult to interpret the clues (1) 0 
11.1 Turning to the right  
No clues to actions (1) 2 
Difficult to interpret clues (2) 0 
Slow to adjust (2) 0 
11.2 Rotating to the left  
No clues to action (1) 0 
Difficult to interpret clues (2) 0 
Slow to adjust (2) 0 
11.3 Adjust rotation   
Hard to set right (2) 0 
Not knowing what angle is right (1) 0 
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Table D1 shows that the ECW evaluation predicted 92 possible usability problems. Of these, 
37 occurred in the usability tests. There was four usability problem found in the usability tests 
that was not predicted by ECW.  
 
Table D2 Use errors office chair  
1.0 Setting the seat height  
-  
1.1 Pull up button   
Pressing the button instead 1 
Looking for a lever further down 0 
Pulling the wrong button 0 
Drops button in the draw (chatter back) 1 
1.2 Lifting / lowering body  
Sits down again too soon, before the seat has been increased 2 
1.3 Releasing button  
-  
2.0 Setting the seat depth  
Not looking for the function 3 
2.1 Pulling the button  
Pressing the button instead 1 
Looking for a lever further down 0 
Pull the wrong button (of three) 0 
2.2 Bringing body back and forth   
-  
2.3 Releasing button   
-  
3.0 Setting the seat angle  
Sets the seat depth without noticing it 1 
3.1 Turning handle open  
Turning it the wrong way 0 
Looking for a lever 0 
Testing other controls 8 
Looking for lever under the seat, between the legs 3 
3.2 Tilting seat  
-  
3.3 Turning off knobs   
Not holding the seat back -> the seat gets in the wrong position 1 
4.0 Setting the backrest height   
Believes the pump raises and lowers the backrest 0 
Looking for controls underneath  2 
Not looking for the function 6 
4.1 Rotating the knob  
Twisting in the wrong direction 1 
Pulling it back 0 
Pressing inwards-right 0 
Not reaching  0 
Has no power 0 
Locks again after being locked up 2 
4.2 Adjusting the height  
Pulling the head rest - only it goes up 1 
Trying to suppress the back, despite nadir 1 
4.3 Turning the knob back  
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Not firming enough 0 
5.0 Setting the recline  
Releasing button too early 0 
Trying to adjust with the same controls as backrest height 1 
5.1 Pulling the button  
Using other buttons 1 
Adjusting the swings function  0 
Looking for the lever underneath  0 
Looking behind the lever after 0 
5.2 Adjusting the backrest angle  
-  
5.3 Releasing the button  
-  
6.0 Setting the lumbar support   
-  
6.1 Pumping air  
Using backhandle  0 
Pulling it  0 
Pressing the button 0 
Looking for another button  0 
6.2 Releasing the air  
Using backhandle  1 
Pulling it 0 
Pressing the bladder 0 
Looking for another button  1 
6.3 Adjusting the support  
-  
7.0 Setting the headrest height  
-  
7.1 Pulling up the neck support  
Pressing the RH-mark 4 
Pressing on the outside 0 
Pulling / pushing too much - goes to maximum height 6 
Testing other controls 1 
7.2 Pulling down neck support   
Pressing the RH-mark 1 
Pressing on the outside 1 
7.3 Adjusting the height  
-  
8.0 Setting the neck angle  
Trying to turn the rotation axis (near the back of neck support) 1 
8.1 Pull angle up  
Pressing the RH-mark 1 
Pressing on the outside 1 
Pulls the entire front or back 0 
8.2 Draging angle up  
Pressing the RH-mark 0 
Pressing on the outside 0 
Pulls the entire front or back 0 
8.3 Adjusting the angel   
-  
9.0 Setting the armrest width  
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Trying to use the height of the buttons 4 
Trying to use violence 0 
Pulling up in the front  0 
Trying to use the pump for the lumbar support  1 
Looking for controls underneath armrest 1 
9.1 Loosen the screw  
Turning it the wrong way 0 
Pulling down 0 
Pulling up 0 
Not loosening the screw enough  1 
9.2 Adjusting the wrist support  
Pulling up to adjust 0 
Loosening the armrest  0 
9.3 Tightening the screw  
Tightening too little 2 
10.0 Setting the armrest height  
10.1 Pressing the button   
Pressing on the side of the button  2 
Trying to pull up the button  2 
Pressing the armrest 2 
Pulling underneath the button  0 
Pressing on the top to change (without pressing the button) 1 
Looking / testing button under the seat 1 
10.2 Draging armrest up and down  
-  
10.3 Releasing button   
Releasing the button between the holes 2 
11.0 Setting the armrest rotation  
Pressing the armrest height adjustment button 1 
11.1 Turning to the right  
Looking for button undeneath armrest 3 
Pressing to release the 0 
11.2 Turning to the left  
Looking for button underneath armrests 0 
Pressing to release  0 
11.3 Adjusting the rotation   
-  
 
Table D2 shows that the PUEA evaluation predicted 59 possible use errors for the office 
chair. Of these, 21 occurred in the usability tests. There were 19 use errors found in the 
usability tests that were not predicted by PUEA. 
 
Table D3 Ergonomic errors office chair  
1.0 Setting the seat height  
Squeezing finger 0 
Breaking nail 0 
2.0 Setting the seat depth  
Squeezing finger 0 
Breaking nail 0 
Slides of the chair and hurts oneself  0 
3.0 Setting the seat angle  
Shoulder and neck obliqued 0 
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Strange wrist angle  0 
Obliqued backbone 5 
4.0 Setting the backrest height  
Using the other hand to loosen 0 
Bending shoulder forward / outward 0 
5.0 Setting the angle of the back support   
Squeezing finger 0 
Breaking nail 0 
Slides of the chair and hurts oneself  0 
6.0 Setting the lumbar support   
Using the other hand 0 
7.0 Setting the headrest height  
Adjusting while sitting 4 
Pressing up / down with the thumb 1 
Using one hand 1 
Squeezing hand 0 
Holding underneath the head  0 
Turning the back 5 
8.0 Setting the angle of the neck support   
Knocking  0 
Only one hand behind the neck 0 
Turning in the chair, turned back 4 
9.0 Setting the armrest width  
Twisting wrist odd 3 
Elongate shaft end position 0 
Get edge-pressure damage 0 
Oblique Twisted spine 3 
10.0 Setting the armrest height  
squeezing your finger on the button 0 
Push hard and get sore thumb 0 
Hold your hand backwards. 0 
Sitting on his knees 1 
11.0 Setting the arm rotation  
Keeping too far back -> shoulder goes backwards 0 
 
Table D3 shows that the PEEA evaluation predicted 17 possible ergonomic errors. Of these, 4 
occurred in the usability tests. There were 5 ergonomic errors found in the usability tests that 
were not predicted by PEEA.  
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D.5 Analysis  
To investigate how well the CCPE methodology worked, usability problems from ECW, use 
errors from PUEA and ergonomic errors from PEEA were compared with the problems and 
errors found in the usability tests (Tables D4-D6). 
 
The comparison in Table D4 shows that 42% of the predicted problems with ECW were 
found in the usability tests. Of the total number of problems identified in the usability tests, 
ECW predicted 90% of them. This is a good result because it is more important that ECW 
finds the problems that actually occur, then that the problems found by ECW are real usability 
problems. 
 
Table D4 Summary of Usability problems 
Usability problem  
No. of usability problems identified during usability test 41 
No. of usability problems predicted by ECW that occurred 37 
No. of usability problems predicted by ECW that not occurred 60 
No. of usability problems not predicted by ECW but identified in tests 4 
 
The comparison in Table D5 shows that 35% of the predicted use errors with PUEA were 
found in the usability tests. Of the total number of errors identified in the usability tests, 
PUEA predicted 53% of them. The results are acceptable because PUEA predicted a majority 
of the errors that occurred during the user tests. 
 
Table D5 Summary of use errors 
Use errors  
Number of use errors identified during usability tests 40 
Number of use errors predicted by PUEA that occurred 21 
Number of use errors predicted by PUEA that didn’t occurred 39 
Number of use errors not predicted by PUEA identified 19 
 
The comparison in Table C6 shows that 24% of the predicted ergonomic errors with PEEA 
were found in the usability tests. Of the total number of problems identified in the usability 
tests, PEEA predicted 44 % of them. These results show that the PEEA method failed to 
predict a majority of the resulting ergonomic errors that occurred during the usability tests. 
 
Table D6 Summary of ergonomic errors 
Ergonomic Error  
Number of ergonomic errors identified during usability tests 9 
Number of ergonomic errors predicted by PEEA that occurred 4 
Number of ergonomics errors predicted by PEEA that didn’t occurred 5 
Number of ergonomic errors not predicted by the PEEA identified 13 
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D.6 Conclusions  
Of the different evaluation methods included in the CCPE methodology ECW worked best, 
followed by PUEA while PEEA in this evaluation study.   
 
The comparison has shown that CCPE predicted more problems and errors than occurred 
during the usability tests. This is a part of the methodology that it should be able to predict as 
many problems and errors as possible, so the most important problems and errors are included 
in the prediction. However in this study CCPE did not predict many of the real use errors with 
PUEA and PEEA that occurred in the usability tests. One explanation of this is that the user 
interface of the office seat is very complex to understand and the degree of guessability was 
low. The analysts were skilled in different interface designs, and did not expect that users 
could draw all those conclusions they did during the test about how to handle the machine.  
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E. Appendix E: PUEA  
Evaluation of use error in the interaction when kitesurfing 
Human factors analysts: Lars-Ola Bligård (LOB) and Lina Lindgren (LL) 
E.1 Purpose and aim  
The purpose of this evaluation was to test and evaluate the PUEA method on a product that is 
far away and different from the area medical technology, which the PUEA method was 
developed to be used in originally. The aim of this study was to compare the results from the 
PUEA evaluation with the results from user observations.  
E.2 Choice of product  
The choice of product evaluated in this study was kitesurfing equipment (Figure E1). This is a 
product that requires motor skill and exposes the human body to unusual physical stress. This 
product is handled very different from medical products, where the tasks could be seen as 
pushing buttons, connecting tubes and lifting objects. 
 
 
Figure E1 A kitesurfer in action 
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Kitesurfing is a complex activity that requires a lot of practice to become expert of. In order to 
train this skill, a practitioner starts to practice to surf with wind in the kite and thereby 
perform a water start.  
E.3 Method 
Water start was the task to be evaluated in this study. This task was described with HTA 
(Hierarchical Task Analysis) (Stanton, 2006) (Figure E2). The task was first analyzed 
analytically with the PUEA method. In the analysis the user was assumed to be a novice kite-
surfer. The evaluation resulted in a list of potential use errors predicted for the different task 
operations presented in Figure E2. 
 
Water start
1. Taking the
starting
position
2. To position
themselves in
the water
3. Get the
board on the
feet
4. Generating
thrust with the
kite
5. Advancing
front foot and
edging board
6. Well
occupant
position
7. To go and
check the task
 
 
Figure E2 HTA for a water start with kite 
 
The next step was to observe real beginners, i.e. novice kite users, who trained on water start 
in their first kite-surfing training session. Four beginners were studied at two courses. The 
observations were done by one of the analysts (LOB), who was positioned on the beach and 
filmed the beginners' trials. The second analyst (LL) was in the water along with the novices 
and the instructor. She described directly in a voice recorder the errors the beginners did 
during their trials. She also talked with the beginners to get their judgments about their 
attempts to perform water start with a kite. 
 
The films and sound recordings were then evaluated and the novices’ performance during 
water start was compared with the list of potential use errors found with the PUEA method.  
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E.4 Results 
The results in the form of use errors are listed in Table E1. On the left hand side in the table 
the tasks described in the HTA are listed. Below each task a list of all use errors are listed that 
were found with PUEA and during the observations of real beginners. On the right hand side 
in the table the four test subjects are listed; the numbers show how often the different use 
errors occurred for the test subjects. The errors that occurred during the observations but were 
not predicted by PUEA are marked with gray. 
 
Table E1 Error in waters start 
Subjects 1 2 3 4 
Overall errors 20 26 30 9 
Trying to boot from the country     
Fails to bring the leg forward     
Gets up before the draft came     
Not rising at all 2 2   
Turning on the board standing     
Pulling the kite through the power zone before the board 
is on 
    
Misses timing between controlling the boom, advancing 
foot, steer the kite back and get up. 
    
Fails water start in the land breeze     
1. Taking the starting position (from the beach to 
the water) 
    
Dragging too much in the boom     
Holding the board without control.     
Not getting out far enough     
2. To position themselves in the water (sitting)     
Sitting in wrong direction (in relation to the wind) 2  6 1 
Sitting down too quickly     
Sitting at full length     
Sitting down even though the kite are laterally   3 3 
3. Get the board on the feet     
Incorrect straps     
Trying to put your feet from the wrong direction.     
Can’t find the foot straps     
Only getting one foot in the straps     
Lose control of the kite     
4. Generating thrust with the kite (control kite)     
Pulling too little of the boom or too much sheet along the 
depower main line. Alternatively, the boom instead of 
wheels to guide the previously. 
9 6 6 2 
Draws too much in the boom. 4 10 3 1 
Reduces the kite in the wrong direction (opposite to the 
intended travel direction). 
1   1 
The kite are in the wrong place (not at 11-13) 6  4  
The body is oblique at the start     
The board is under water     
5. Advancing front foot and edging board     
Bringing up the wrong foot  2   
Bringing the forefoot too much  2   
Bringing the forefoot too little 4 1 2 3 
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Edging board too much   2  
Edging board too little  1 4 1 
6. Well occupant position (standing on the board with 
speed) 
    
Pulling arms to themselves (instead of hanging in the 
harness) 
7 6   
Extending arms     
Raising too fast (before the board has sufficient speed) 1 4  1 
Travel too slowly 1 1 2  
Forgetting controlling back the kite 1 1 4  
Steering the kite back too much     
Raising uncontrollably  1   
Too much weight on front leg  1 3  
Too much weight on the back leg. 4 3 3  
7. To go and check the task     
Going too much with the wind 1 2 1  
Going too much into the wind.     
Controlling (tilt the boom) too much (see previous)     
Controlling (tilt the boom) for a bit (see earlier)  4 4 1 
Pull the bar towards the body (see earlier) 1 1  3 
Not compensate waves and chop in the water (the board 
stuck) 
    
Standing too much on the front or back foot (see earlier)  1   
Not compensating for pressure from kite     
Getting too close to shore  1   
Failing to avoid obstacles in the water (shallow water, 
rocks, bathing, etc.) 
 1   
Failing to avoid other kite-surfers      
Sitting down again  1  1  
 
To summarise Table E1, PUEA identified 51 use errors, of which 23 errors were performed 
by the novice surfers. 3 use errors were identified during the observations that were not found 
during the PUEA evaluation. 
  
  - E:5 - 
E.5 Analysis 
Table E2 shows that 45% of the use errors predicted by PUEA were identified in the analysis 
of the observation data. More use errors could maybe be found from these real trials, if the 
data collection had included more detailed filming from the beach side. A lot of the use errors 
predicted with PUEA were avoided in the real trials due to that the subjects had an instructor 
present, who instructed them to find correct positions when performing the tasks. 
 
Table E2 Summary of use errors 
Use errors  
Number of use errors identified during observations 26 
Number of use errors predicted by PUEA that occurred 23 
Number of use errors predicted by PUEA that not occurred 28 
Number of use errors not predicted by PUEA but observed 3 
 
In total PUEA identified 88% of the use errors found from the observations. Three new errors 
were identified during the observations (shaded gray in Table E1). One of these was not 
thought of during the interaction analysis with PUEA. The other two errors occurred because 
the HTA was incomplete, i.e. due to that one task had been missed during in task analysis 
used in the PUEA evaluation. 
  
The PUEA could thus detect almost all the use errors that occurred in reality. If a deeper and 
more thorough observations had been made (and without an instructor teaching the test 
subjects) more use errors had probably have been identified in the observation analysis, and 
these might have been the same as predicted by PUEA in the analytical evaluation. 
E.6 Conclusion  
This study shows that PUEA works as an evaluation method of use errors in the interaction 
between user and artefact for a task that requires high skill and motor coordination. A product 
that is far away from medical technology, which the PUEA method initially was develope for 
to evaluate, could be analysed with the PUEA method with a high degree of finding realistic 
user errors. 
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F. Appendix E – Templates
Templates for: 
 ECW and PUEA function level (F.1) 
 ECW and PUEA operation level (F.2) 
 PEEA operation level (F.3) 
 Alarm-ECW and PUEA functional level (F.4) 
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